



UNIVERSIDADE ESTADUAL DE CAMPINAS 














BLACK CRICKET (GRYLLUS ASSIMILIS) PROTEIN HYDROLYSATES: EFFECT 
OF THE COMBINED ENZYMATIC TREATMENT OF DIFFERENT PROTEASES 





HIDROLISADOS PROTEICOS DE GRILO-PRETO (GRYLLUS ASSIMILIS): 
EFEITO DO TRATAMENTO ENZIMÁTICO COMBINADO DE DIFERENTES 
PROTEASES SOBRE A OBTENÇÃO DE PEPTÍDEOS COM PROPRIEDADES 

























BLACK CRICKET (GRYLLUS ASSIMILIS) PROTEIN HYDROLYSATES: EFFECT 
OF THE COMBINED ENZYMATIC TREATMENT OF DIFFERENT PROTEASES 
ON OBTAINING PEPTIDES WITH ANTIOXIDANT, ANTIDIABETIC AND 
ANTIHYPERTENSIVE PROPERTIES 
 
HIDROLISADOS PROTEICOS DE GRILO-PRETO (GRYLLUS ASSIMILIS): 
EFEITO DO TRATAMENTO ENZIMÁTICO COMBINADO DE DIFERENTES 
PROTEASES SOBRE A OBTENÇÃO DE PEPTÍDEOS COM PROPRIEDADES 




Dissertation presented to the School of 
Food Engineering of the University of 
Campinas in partial fulfillment of the 
requirements for the degree of Master in 
Food Science. 
 
Dissertação apresentada a Faculdade de 
Engenharia de Alimentos da Universidade 
Estadual de Campinas como parte dos 
requisitos exigidos para a obtenção do 










ESTE TRABALHO CORRESPONDE À 
VERSÃO FINAL DA DISSERTAÇÃO 
DEFENDIDA PELA ALUNA FRANCIELLE 
MIRANDA DE MATOS E ORIENTADA 











Universidade Estadual de Campinas 
Biblioteca da Faculdade de Engenharia de Alimentos 
Claudia Aparecida Romano - CRB 8/5816 
        
    Matos, Francielle Miranda de, 1995-   
 M428b MatBlack cricket (Gryllus assimilis) protein hydrolysates : effect of the combined 
enzymatic treatment of different proteases on obtaining peptides with 
antioxidant, antidiabetic and antihypertensive properties / Francielle Miranda de 
Matos. – Campinas, SP : [s.n.], 2020. 
     
    MatOrientador: Ruann Janser Soares de Castro. 
   MatDissertação (mestrado) – Universidade Estadual de Campinas, Faculdade 
de Engenharia de Alimentos. 
       
    Mat1. Antioxidantes. 2. Hipoglicemiantes. 3. Agentes hipotensores. 4.   
Peptídeos. 5. Insetos comestíveis. 6. Gryllus assimilis. I. Castro, Ruann Janser 
Soares de. II. Universidade Estadual de Campinas. Faculdade de Engenharia 
de Alimentos. III. Título. 
Informações para Biblioteca Digital 
Título em outro idioma: Hidrolisados proteicos de grilo-preto (Gryllus assimilis) : efeito do 
tratamento enzimático combinado de diferentes proteases sobre a obtenção de peptídeos 
com propriedades antioxidantes, antidiabéticas e anti-hipertensivas 







Área de concentração: Ciência de Alimentos 
Titulação: Mestra em Ciência de Alimentos 
Banca examinadora: 
Ruann Janser Soares de Castro [Orientador] 
Guilherme Miranda Tavares 
Marcela Pavan Bagagli 
Data de defesa: 25-03-2020 
Programa de Pós-Graduação: Ciência de Alimentos 
Identificação e informações acadêmicas do(a) aluno(a) 
- ORCID do autor: https://orcid.org/0000-0002-0089-082 








Prof. Dr. Ruann Janser Soares de Castro 




Prof. Dr. Guilherme Miranda Tavares 




Profa. Dra. Marcela Pavan Bagagli 





























A Ata da defesa com as respectivas assinaturas dos membros encontra-se no SIGA/Sistema de 



















































Dedico este trabalho aos meus pais, por todas as abstenções 




 Minha gratidão a Deus, que em seu infinito amor me fez sonhar, e sonhando mais alto 
que eu, me fez chegar aqui. Aos meus pais, que não mediram esforços para que meus irmãos e 
eu estudássemos. Aos meus irmãos, por todo carinho e parceria. Aos colegas e funcionários do 
Laboratório de Bioquímica. Aos funcionários e professores da Faculdade de Engenharia de 
Alimentos e Departamento de Ciência de Alimentos. Aos professores do IF Salinas que fizeram 
parte de minha formação desde o ensino técnico. À Agrin Criação e Comércio de Insetos 
LTDA. Ao Ruann, pelo acolhimento, pelos ensinamentos, pela paciência, pela dedicação, por 
estar presente, por ser amigo, por ser exemplo. 
 O presente trabalho foi realizado com o apoio da Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior – Brasil (CAPES) – Código de Financiamento 001 e do Conselho 























































“Contudo, seja qual for o grau a que chegamos, 




Os insetos são considerados altamente nutritivos e seu uso como parte da dieta humana é 
praticado em muitas partes do mundo. Devido ao seu alto teor de proteínas, eles vêm sendo 
estudados como substratos para a geração de peptídeos bioativos. O objetivo deste trabalho foi 
avaliar a obtenção de peptídeos com propriedades antioxidantes, antidiabéticas e anti-
hipertensivas a partir de um concentrado proteico de grilo-preto (Gryllus assimilis) hidrolisado 
enzimaticamente por diferentes preparações comerciais de proteases. As enzimas 
Flavourzyme® 500L, Alcalase® 2.4L e Neutrase® 0.8L foram aplicadas individualmente ou em 
combinações binárias/ternárias e os efeitos sinérgicos e antagônicos dessas combinações sobre 
as potenciais propriedades bioativas dos hidrolisados proteicos foram determinados. A hidrólise 
enzimática do concentrado proteico de grilo-preto permitiu a formação de peptídeos com alta 
atividade antioxidante, aumentando em até 160% a capacidade antioxidante total e 93% o poder 
de redução de íons ferro (FRAP). O uso isolado da enzima Flavourzyme destacou-se pelo maior 
efeito positivo nas propriedades antioxidantes dos peptídeos gerados, os quais apresentaram 
IC50 de 455,08 μg mL
-1 e 70,87 μg mL-1 para a atividade de eliminação de radicais DPPH e 
ABTS, respectivamente. O hidrolisado proteico produzido por ação da Flavourzyme era 
composto principalmente por pequenos peptídeos (MM < 3 kDa), sendo as propriedades 
antioxidantes aumentadas após o fracionamento por ultrafiltração. Para as propriedades 
antidiabéticas, praticamente todos os hidrolisados proteicos produzidos apresentaram melhorias 
no perfil bioativo após a hidrólise, quando comparados com a amostra não hidrolisada. O uso 
da combinação binária de Flavourzyme e Neutrase promoveu o maior efeito sinérgico na 
produção de hidrolisados com atividades de inibição da α-amilase (IC50 = 1,99 mg mL
-1) e α-
glicosidase (IC50 = 6,21 mg mL
-1). As propriedades anti-hipertensivas foram avaliadas por meio 
da inibição da enzima conversora de angiotensina (ECA) e os resultados obtidos mostraram que 
todas as amostras apresentaram boa capacidade de redução da atividade da ECA, exceto a 
amostra não hidrolisada. A menor atividade inibitória foi de 13,28%, detectada para o 
hidrolisado proteico produzido pelo uso isolado da enzima Flavourzyme e a maior taxa de 
inibição foi de 50,84%, obtida na amostra produzida pelo uso da combinação binária, em iguais 
proporções, das enzimas Flavourzyme e Alcalase. O teor de proteína solúvel em TCA aumentou 
após a hidrólise, variando de 21,64% a 48,45%, um forte indicativo da grande variação no grau 
de hidrólise das proteínas de grilo preto em função dos diferentes tratamentos enzimáticos. A 
análise de eletroforese em gel (Tricin-SDS-PAGE) indicou que ocorreram mudanças 
significativas na distribuição de massa molecular de proteínas em função do tratamento 
 
 
enzimático aplicado, com grande destaque para a alta concentração de proteínas com MM 
inferior a 6,5 kDa. Os resultados obtidos demonstraram que as proteínas de insetos, como as de 
grilo-preto, são excelentes substratos para a geração de peptídeos com propriedades bioativas. 
Sendo assim, os produtos gerados pelo processo de hidrólise enzimática das proteínas de grilo-
preto podem ser considerados importantes insumos para a produção de ingredientes com forte 
apelo para o setor de alimentos funcionais e nutracêuticos.   
Palavras-chave: antioxidante; hipoglicemiantes; agentes hipotensores; peptídeos; insetos 




Insects are considered highly nutritious and their use as part of the human diet is practiced in 
many parts of the world. Due to their high protein content, they have been studied as substrates 
for the generation of bioactive peptides. The objective of this work was to evaluate the obtaining 
of peptides with antioxidant, antidiabetic and antihypertensive properties using a black cricket 
(Gryllus assimilis) protein concentrate enzymatically hydrolyzed by different commercial 
protease preparations. The enzymes FlavourzymeTM 500L, AlcalaseTM 2.4L, and NeutraseTM 
0.8L were used individually or in binary/ternary combinations and the synergistic and 
antagonistic effects of these combinations on the potential bioactive properties of protein 
hydrolysates were determined. The enzymatic hydrolysis of the black cricket protein 
concentrate allowed the formation of peptides with high antioxidant activity, increasing up to 
160% the total antioxidant capacity and 93% the ferric reducing antioxidant power (FRAP).  
The isolated use of the Flavourzyme enzyme stood out for the greater positive effect on the 
antioxidant properties of the generated peptides, which presenting IC50 of 455.08 μg mL
-1 and 
70.87 μg mL-1 for the DPPH and ABTS radical scavenging activity, respectively. 
Flavourzyme's protein hydrolysate was mainly composed of small peptides (MW <3 kDa), and 
its antioxidant properties were increased after fractionation by ultrafiltration. For the 
antidiabetic properties, practically all the protein hydrolysates produced showed improvements 
in the bioactive profile after hydrolysis, when compared to the non- hydrolyzed sample. The 
use of the binary combination of Flavourzyme and Neutrase promoted the greatest synergistic 
effect on the production of hydrolysates with α-amylase inhibition activities (IC50 = 1.99 mg 
mL-1) and α-glycosidase (IC50 = 6.21 mg mL
- 1). The antihypertensive properties were evaluated 
by inhibition of angiotensin-converting enzyme (ACE) and the results showed that all samples 
showed good capacity to reduce ACE activity, except the non-hydrolyzed sample. The lowest 
inhibitory activity was 13.28%, detected for the protein hydrolysate produced by the use of 
Flavourzyme alone and the highest inhibition rate was 50.84%, obtained in the sample produced 
by using the binary combination, in equal proportions, of Flavourzyme and Alcalase enzymes. 
The TCA soluble protein content increased after hydrolysis, ranging from 21.64% to 48.45%, 
a strong indication of the wide variation in the degree of hydrolysis of black cricket proteins 
due to different enzymatic treatments. Gel electrophoresis analysis (Tricin-SDS-PAGE) 
indicated that there were significant changes in protein molecular mass distribution as a 
function of the enzymatic treatment applied, highlighting the high protein concentration with 
MW less than 6.5 kDa. The results showed that insect proteins such as black cricket are 
 
 
excellent substrates for the generation of peptides with bioactive properties. Thus, the products 
generated by the enzymatic hydrolysis process of black cricket proteins can be considered 
important inputs for the production of ingredients with a strong appeal to the functional and 
nutraceutical foods sector. 
Keywords: antioxidant; hypoglycemic agents; hypotensive agents; peptides; edible insects; 
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 Segundo a FAO (2013), estima-se que em 2050 a população mundial seja de 
aproximadamente 9 bilhões de pessoas. Um grande desafio que surge com esse aumento 
populacional é atender à demanda por alimentos, especificamente por suprimentos proteicos 
(MONTOWSKA et al., 2019). Nesse contexto, a utilização de insetos comestíveis na dieta 
humana é considerada uma alternativa para solucionar este problema, devido ao seu alto valor 
nutritivo e aos processos ambientalmente amigáveis empregados em sua produção 
(MANDITSERA et al., 2019). 
 O uso de insetos na alimentação humana é denominado entomofagia e é praticado 
principalmente em países localizados na Ásia, África e América Latina (KOUŘIMSKÁ; 
ADÁMKOVÁ, 2016; MONTOWSKA et al., 2019). Atualmente, mais de 2000 espécies de 
insetos são utilizadas na dieta humana, sendo os mais consumidos pertencentes às ordens 
Coleoptera, Lepidoptera, Hymenoptera e Orthoptera (DE CASTRO et al., 2018; LACROIX et 
al., 2019). 
 Segundo Araújo et al. (2019), os principais insetos produzidos no Brasil são o grilo-
preto (Gryllus assimilis) e o tenébrio gigante (Zophobas morio), os quais são destinados 
majoritariamente à alimentação animal. A Associação Brasileira de Criadores de Insetos afirma 
que aproximadamente 12 toneladas de insetos são produzidas mensalmente no Brasil, das quais 
23% são destinadas ao consumo humano. A inserção desses insetos na alimentação tem se dado 
como ingredientes de produtos como doce de damasco com grilo, barras de chocolate com 
larvas, sorvete de pistache com insetos, suplemento proteico de farinha de grilo e barrinhas de 
cereal (RODRIGUES, 2019). 
 Os insetos são ricos em nutrientes como proteínas, lipídeos, fibras e micronutrientes 
(MINTAH et al., 2019), são considerados fontes de aminoácidos essenciais e suas proteínas 
possuem boa digestibilidade (BEDNÁŘOVÁ; BORKOVCOVÁ; KOMPRDA, 2014). Estas 
importantes características dos insetos têm gerado um grande interesse na modificação de seus 
componentes, principalmente proteínas, para obtenção de ingredientes com melhores 
propriedades biológicas, como os peptídeos bioativos (NONGONIERMA; FITZGERALD, 
2017). 
 Os peptídeos bioativos são fragmentos proteicos com sequência de aminoácidos 
específicas que afetam positivamente funções fisiológicas, podendo desempenhar ação 
antioxidante, antidiabética, anti-hipertensiva, antimicrobiana, antitrombótica, anticancerígena, 
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antimicrobiana, entre outras (YAN et al., 2019). Esses compostos apresentam baixa toxicidade, 
tendem a não se acumular nos tecidos, apresentam grande diversidade estrutural e baixa massa 
molecular, apresentando assim grande potencial para uso como nutracêutico (MAJID; 
PRIYADARSHINI, 2019). 
 A hidrólise enzimática de substratos proteicos é a técnica mais utilizada para liberação 
dos peptídeos bioativos. Este processo pode ocorrer durante a digestão pela ação de proteases 
do trato gastrointestinal, por meio da simulação da digestão pela aplicação de enzimas 
digestivas de mamíferos, durante a fermentação microbiana, ou pela aplicação de enzimas 
comerciais, sejam elas de origem microbiana ou vegetal (SAADI et al., 2015; 
NONGONIERMA; FITZGERALD, 2017). 
 Nesse contexto, o presente trabalho teve como objetivo geral avaliar as propriedades 
antioxidantes, antidiabéticas e anti-hipertensivas de hidrolisados proteicos de grilo-preto 
(Gryllus assimilis) obtidos pelo uso isolado e combinado das proteases Flavourzyme® 500L, 
Alcalase® 2.4L e Neutrase® 0.8L. A técnica de planejamento experimental de misturas foi 
utilizada, permitindo o estudo dos efeitos sinérgicos e antagônicos dessas proteases sobre a 
geração de peptídeos com diferentes atividades biológicas. 
 O Capítulo I do presente trabalho consiste em uma revisão bibliográfica que aborda o 
uso de insetos na alimentação humana, as vantagens de sua utilização como fonte proteica 
quando comparados às fontes de proteínas convencionais e o seu uso como substrato para a 
hidrólise enzimática e obtenção de peptídeos com propriedades bioativas. As principais 
bioatividades encontradas em peptídeos são abordadas com mais profundidade, dando enfoque 
aos mecanismos de ação desses peptídeos. 
 O Capítulo II trata-se de um estudo dos efeitos da hidrólise enzimática da proteína de 
grilo-preto sobre suas propriedades antioxidantes. A distribuição de massa molecular 
aproximada e a determinação da fração de maior bioatividade foram realizadas a partir do 
fracionamento por ultrafiltração do hidrolisado com maior atividade antioxidante. No Capítulo 
III, a hidrólise enzimática do grilo-preto com diferentes combinações de proteases é avaliada 
quanto aos seus efeitos sobre as propriedades antidiabéticas dos hidrolisados. Por fim, o 
Capítulo IV consiste do estudo dos efeitos sinérgicos e antagônicos do uso combinado de 
diferentes proteases na geração de hidrolisados de proteína de grilo-preto com potencial 
atividade anti-hipertensiva. A determinação do teor de proteínas solúveis foi utilizada como 
medida indireta do grau de hidrólise e o perfil eletroforético dos hidrolisados foi realizado.
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Capítulo I - Insetos comestíveis como potenciais fontes de proteínas para 
obtenção de peptídeos bioativos 
 
Francielle Miranda de Matosa, Ruann Janser Soares de Castroa 
aDepartamento de Ciência de Alimentos, Faculdade de Engenharia de Alimentos, 
Universidade Estadual de Campinas. 
Rua Monteiro Lobato, 80, Campinas-SP, Brasil 





O consumo de insetos como uma fonte alternativa de proteínas é considerado uma tendência 
futura e uma estratégia viável com potencial notório para garantia do fornecimento de alimentos 
a nível global. Os insetos são uma fonte não convencional de proteínas, seja para consumo 
humano direto ou indiretamente como ingredientes em alimentos formulados. Além disso, 
estudos científicos têm demonstrado que a hidrólise enzimática destas proteínas resulta na 
produção de peptídeos com atividades biológicas de grande interesse, como atividade 
antioxidante, antidiabética, anti-hipertensiva e antimicrobiana. O uso desses peptídeos com fim 
nutracêutico pode substituir ou reduzir o uso de drogas sintéticas, as quais estão associadas a 
efeitos colaterais indesejáveis. O presente trabalho teve como objetivo abordar o uso de insetos 
na alimentação humana, destacando sua aplicação como substrato proteico na hidrólise 
enzimática para produção de peptídeos bioativos. As principais bioatividades encontradas nos 
peptídeos foram também relatadas. 
Palavras-chave: proteínas de insetos; hidrólise enzimática; peptídeos antioxidantes; 





1.   Introdução 
 Segundo a Organização Mundial de Saúde (OMS) (2018), as doenças não transmissíveis 
(DNT) matam aproximadamente 41 milhões de pessoas por ano, principalmente doenças 
cardiovasculares, diabetes, cânceres e doenças respiratórias crônicas. Um dos quatro principais 
fatores de risco para essas doenças é a adoção de uma dieta não saudável. 
 Tamanha relevância da dieta se deve ao fato de que alguns alimentos podem não só 
constituir uma importante fonte de macro e micronutrientes, mas também proporcionar 
benefícios à saúde (YILDIZ, 2010; ALUKO, 2012). Esses benefícios estão associados à 
presença de compostos bioativos nos alimentos, de modo que a incorporação destes ou seus 
constituintes na dieta pode ser uma forma natural e econômica de gerenciar distúrbios de saúde 
(NAIK; MEDA; LELE, 2014). 
 Um grande número de pesquisas científicas voltadas para a obtenção de peptídeos 
bioativos tem sido reportado nos últimos anos (LI-CHAN, 2015). Peptídeos bioativos são 
definidos como frações específicas de proteínas, com sequência de aminoácidos que promovem 
um impacto positivo em várias funções biológicas, sendo a hidrólise enzimática a técnica mais 
utilizada para produção destas moléculas (DE CASTRO; SATO, 2015). As principais 
bioatividades encontradas em peptídeos incluem propriedades antioxidantes, antidiabéticas, 
anti-hipertensivas e antimicrobianas, havendo um vasto escopo de fontes proteicas que podem 
ser usadas como substrato para gerar esses produtos (LI-CHAN, 2015). 
 Um potencial substrato para a obtenção desses peptídeos são os insetos comestíveis, os 
quais, além de apresentarem valor nutricional muito diversificado, possuem elevados níveis de 
proteínas (NOWAK et al., 2016; SUN-WATERHOUSE et al., 2016), com qualidade 
comparável às fontes proteicas vegetais e animais em termos nutricionais, quantidade e perfil 
de aminoácidos essenciais  (RUMPOLD; SCHLÜTER, 2013). 
 Nesse contexto, o presente trabalho tem como objetivo abordar o uso de insetos como 
fonte alternativa de proteínas, destacando seu uso como substrato em processos de hidrólise 
enzimática para produção de peptídeos bioativos. Algumas bioatividades reportadas em 
hidrolisados proteicos de insetos são tratadas com mais profundidade, dando enfoque ao 





2.   Insetos Comestíveis 
 Segundo a FAO (2013), estima-se que em 2050 a população global seja de 
aproximadamente 9 bilhões de pessoas, o que poderá gerar um aumento de quase 100% na 
demanda global de alimentos. Para atender às necessidades alimentares da população, seria 
necessário maior exaustão dos recursos agrícolas, florestais, pesqueiros, hídricos e da 
biodiversidade, provocando grandes impactos ambientais (VARELAS; LANGTON, 2017).  
Assim, faz-se necessário encontrar e desenvolver novas maneiras de cultivar alimentos, corrigir 
as ineficiências, reduzir o desperdício e considerar a adoção de novos hábitos alimentares, como 
a entomofagia (CHEN; FENG; CHEN, 2009; FAO, 2013). 
 A entomofagia, o uso de insetos como alimento, é uma prática adotada em várias regiões 
do mundo, principalmente em países localizados na Ásia, América Latina e África (DE 
CASTRO et al., 2018; WOOLF et al., 2019).  Os insetos mais consumidos mundialmente são 
besouros (Coleoptera) (31%), lagartas (Lepidoptera) (18%), abelhas, vespas, formigas 
(Hymenoptera) (14%), gafanhotos e grilos (Orthoptera) (13%) (FAO, 2013). A quantidade 
atual e exata de espécies de insetos que podem ser empregados na alimentação humana é 
desconhecida, porém já existem mais de 2000 espécies registradas e catalogadas como 
comestíveis (NOWAK et al., 2016; VARELAS; LANGTON, 2017). 
 Os insetos são considerados altamente nutritivos, sendo reconhecidos como fonte de 
proteínas, lipídeos, minerais e vitaminas (RUMPOLD; SCHLÜTER, 2013), podendo ser 
consumidos em diferentes estágios de vida: ovos, larvas, pupas ou adultos (DE CASTRO et al., 
2018). A composição dos insetos varia muito de acordo a espécie, estágio de desenvolvimento, 
alimentação, origem, entre outros fatores. Ainda assim, considerando a composição média das 
diferentes ordens de insetos, é possível afirmar que os principais constituintes são proteínas e 
lipídeos (RUMPOLD; SCHLÜTER, 2013; KOUŘIMSKÁ; ADÁMKOVÁ, 2016). 
 Segundo Araújo et al. (2019), os principais insetos produzidos no Brasil são o grilo-
preto (Gryllus assimilis) e o tenébrio gigante (Zophobas morio). Para o grilo-preto, análises 
mostraram que a massa seca deste é composta por aproximadamente 65% de proteínas, 22% de 
lipídeos, 9% de carboidratos e 4% de cinzas. 
A composição centesimal de outros cinco insetos - tenébrio (Tenebrio molitor), tenébrio 
gigante (Zophobas morio), cascudinho (Alphitobius diaperinus), grilo-doméstico (Acheta 
domesticus) e barata Dubia (Blaptica dubia) - foram avaliadas por Yi et al. (2013), encontrando 
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nestas espécies, teores de proteínas entre 52,3 e 73,6%  e teores de lipídeos entre 12,3 e 39,9% 
(base seca). 
 Além de ser uma fonte rica em nutrientes, o uso de insetos na alimentação humana 
representa uma fonte alternativa de proteínas de alta qualidade em termos nutricionais, 
quantidade e perfil de aminoácidos essenciais. A adoção de fontes alternativas de proteínas 
alimentares pode compensar a crescente demanda por proteína de origem animal, evitando o 
desmatamento de florestas para uso como pastagem. Adicionalmente, a alta eficiência de 
conversão alimentar dos insetos em comparação com a pecuária convencional resultaria em 
uma diminuição considerável das emissões de gases do efeito estufa (GERE et al., 2017; POMA 
et al., 2017). 
 Apesar das vantagens apresentadas, a baixa aceitação dos consumidores é uma das 
maiores barreiras à adoção de insetos como fonte alternativa de proteínas. Devido ao fato de a 
grande parte da população não considerar os insetos como alimento, seu consumo tende a ser 
imediatamente rejeitado, não por questões sensoriais, mas pela falta de familiaridade. O grau 
de visibilidade do inseto afeta diretamente sua aceitação, sendo o processamento destes uma 
maneira de facilitar a sua inserção na dieta diária (GERE et al., 2017; DE CASTRO et al., 2018). 
3.   Hidrólise Enzimática 
 A hidrólise enzimática tem sido muito utilizada para a modificação dos componentes 
dos insetos, como as proteínas, não só por facilitar sua aceitação enquanto ingrediente 
alimentício, mas também por permitir a obtenção de compostos com melhores propriedades 
tecnofuncionais e biológicas (NONGONIERMA; FITZGERALD, 2017). Assim, o uso de 
hidrolisados proteicos na alimentação humana representa uma fonte potencial de peptídeos de 
alta qualidade e com propriedades nutracêuticas (NWACHUKWU; ALUKO, 2019). 
 A produção de hidrolisados proteicos é realizada a partir da escolha de uma fonte 
proteica e a posterior liberação de seus fragmentos de peptídeos pelo rompimento das ligações 
entre os resíduos de aminoácidos. Geralmente, esse processo ocorre pela ação proteolítica de 
enzimas endógenas (autólise), enzimas exógenas (preparações comerciais) ou por fermentação 
microbiana (LI-CHAN, 2015; TOLDRÁ et al., 2018). 
 A obtenção de peptídeos pela ação de enzimas endógenas do trato gastrointestinal (TGI) 
em sistema in vivo é possível, porém, envolve a remoção de substâncias intestinais de animais 
vivos que foram alimentados com uma dieta proteica (ALUKO, 2012). Assim, a simulação da 
22 
 
digestão no TGI in vitro torna-se um método útil para estimar os potenciais peptídeos bioativos 
que podem ser liberados de uma proteína alimentar quando ela é consumida como parte da dieta 
(NONGONIERMA; FITZGERALD, 2017; ZIELIŃSKA; KARAŚ; JAKUBCZYK, 2017). 
 A hidrólise com enzimas exógenas de origem microbiana ou vegetal (como Alcalase, 
Flavourzyme, papaína, ficina, termolisina, Pronase e Neutrase), também vem sendo muito 
explorada (MARCINIAK et al., 2018). Durante o processo, as ligações peptídicas são clivadas, 
provocando uma diminuição na massa molecular das frações proteicas, o que contribui para o 
aumento da solubilidade dos produtos. Assim, ao realizar a centrifugação da solução, há a 
formação de duas fases; o precipitado (proteínas não hidrolisadas) e o sobrenadante (contendo 
os peptídeos e frações proteicas solúveis) (ALUKO, 2012; CHIANG et al., 2019). 
 Alternativamente, as proteínas podem ser submetidas à fermentação microbiana, de 
modo que, durante o crescimento dos micro-organismos, ocorra a ação de enzimas proteolíticas, 
levando à hidrólise dos substratos proteicos e produção de peptídeos (ALUKO, 2015; 
MARCINIAK et al., 2018). Embora a hidrólise química seja possível, a digestão enzimática 
com proteases é preferível, pois produz perfis peptídicos bem definidos com alta produtividade. 
Na hidrólise química pode haver a formação de subprodutos potencialmente tóxicos ou 
indesejáveis, altos níveis residuais de ácido ou base, ou níveis inaceitáveis de sais (ALUKO, 
2012). 
4.   Peptídeos bioativos 
 Os peptídeos bioativos são definidos como frações específicas de proteínas, com 
sequência de aminoácidos que promovem um impacto positivo em várias funções biológicas, 
podendo atuar, por exemplo, como agentes antioxidantes, antidiabéticos, anti-hipertensivos e 
antimicrobianos (DE CASTRO; SATO, 2015; NONGONIERMA; FITZGERALD, 2017). As 
propriedades bioativas identificadas nos peptídeos permitem o seu uso como ingredientes 
funcionais ou nutracêuticos, sendo potenciais substituintes de substâncias sintéticas (DE 
CASTRO; SATO, 2016). 
Essas moléculas não apresentam bioatividade quando estão inseridas à estrutura intacta 
(primária) das proteínas, sendo a hidrólise o processo necessário para a liberação das sequências 
que apresentam algum tipo de bioatividade (NGOH; GAN, 2016; RYDER et al., 2016). 
Os peptídeos formados geralmente são constituídos por menos de 20 resíduos de 
aminoácidos e possuem massa molecular menor que 6 kDa (DE CASTRO; SATO, 2015). 
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Dados relativos à diferentes processos de hidrólise de proteínas de insetos para produção de 
peptídeos bioativos são apresentados na Tabela 1. 
Tabela 1 – Obtenção de peptídeos bioativos a partir de insetos utilizando diferentes preparações 
enzimáticas de proteases e propriedades biológicas relacionadas. 
Peptídeos de baixa massa molecular, geralmente menor que 1 kDa (dipeptídeos a 
heptapeptídeos), são considerados mais adequados para incorporação em alimentos. Isso se 
deve à sua melhor absorção na forma intacta pelo sistema circulatório e maior resistência à 
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hidrólise enzimática durante a passagem pelo TGI. Esse último fator é de grande importância, 
considerando que a hidrólise dos peptídeos bioativos pelas enzimas digestivas pode reduzir ou 
até mesmo eliminar sua bioatividade (ALUKO, 2012). 
4.1.   Peptídeos com atividade antioxidante  
Espécies reativas de oxigênio e de nitrogênio são produzidas naturalmente durante o 
metabolismo celular (ALUKO, 2012). Estes radicais livres são essenciais à manutenção da 
homeostase e estão envolvidos em processos fisiológicos e patológicos, como a transdução de 
sinal, diferenciação celular e defesa de patógenos (HUANG et al., 2019). O ânion superóxido 
(O2
▪ -), o peróxido de hidrogênio (H2O2) e o radical hidroxila (
▪OH) são exemplos de espécies 
reativas formadas pela redução parcial do oxigênio molecular (O2), enquanto o óxido nítrico 
(NO▪) é um radical livre produzido a partir da L-arginina (EBRAHIMI; SOLTANI; 
HASHEMY, 2019). 
Apesar de sua importância metabólica, a superprodução de espécies reativas em 
sistemas biológicos pode gerar uma condição de estresse oxidativo, sendo este desbalanço 
provocado por estímulos endógenos ou por exposição à agentes físicos e químicos (radiação 
UV e poluição do ar) (LORENZO et al., 2018). O acúmulo de espécies reativas pode alterar 
estruturas celulares e funções de proteínas, carboidratos, ácidos nucleicos e lipídeos, podendo 
levar ao desenvolvimento de doenças, como obesidade, aterosclerose, câncer e doenças 
neurodegenerativas (Alzheimer e Parkinson) (HUANG et al., 2019; LEE; HUR, 2019). 
Organismos vivos possuem um complexo sistema de defesa intracelular, que é utilizado 
para prevenir o estresse oxidativo. Como mecanismo de proteção, compostos antioxidantes e 
enzimas (superóxido dismutase, catalase, glutationa peroxidase e glutationa redutase) são 
produzidos, reduzindo a concentração de radicais livres e formando compostos menos reativos 
(NIMSE; PAL, 2015; LORENZO et al., 2018). Entretanto, sob estresse oxidativo, a capacidade 
antioxidante natural das células pode ser insuficiente para sobrepor a constante geração de 
radicais livres, sendo necessário o uso de compostos exógenos como uma alternativa para a 




Nesse sentido, compostos antioxidantes podem ser obtidos a partir de fontes dietéticas 
naturais, sendo o consumo destes a principal alternativa para a defesa contra o estresse 
oxidativo, permitindo a redução dos danos causados pelos radicais livres (LIANG et al., 2019). 
Além dos benefícios ao corpo humano, estes compostos também podem prevenir a oxidação 
lipídica em alimentos (COELHO et al., 2019). Substâncias sintéticas como butilhidroxianisol 
(BHA), o hidroxitolueno butilado (BHT) e a terc-butilhidroquinona (TBHQ), são comumente 
utilizadas em alimentos, porém o uso destas está sujeito à estrita regulação devido ao potencial 
carcinogênico, o que tem provocado crescente interesse na pesquisa de novas fontes naturais de 
antioxidantes para aplicação industrial (LIU et al., 2012). 
Tocoferóis, carotenoides e polifenóis são antioxidantes naturais bem conhecidos, 
encontrados majoritariamente em fontes vegetais (LIU et al., 2012). A habilidade de prevenir 
reações oxidativas também pode ser encontrada em peptídeos biologicamente ativos, os quais 
são obtidos a partir da hidrólise enzimática de moléculas proteicas. Os substratos utilizados 
para produção dos peptídeos incluem fontes vegetais e animais, havendo inúmeras pesquisas 
voltadas para a obtenção destes (GLUVIĆ; ULRIH, 2019; LEE; HUR, 2019; LIANG et al., 
2019). 
A atividade antioxidante dos peptídeos está relacionada às suas características 
estruturais (ALUKO, 2012).  Os peptídeos com baixa massa molecular possuem mais resíduos 
de aminoácidos expostos para interagir com os radicais livres; consequentemente, a atividade 
antioxidante característica dos peptídeos depende das propriedades de seus resíduos laterais 
(LIU et al., 2017). Aminoácidos hidrofóbicos como alanina, valina, isoleucina, leucina, prolina 
e metionina possuem elétrons que podem ser doados para eliminar os radicais livres. 
Aminoácidos aromáticos como tirosina e fenilalanina são capazes de estabilizar espécies 
reativas de oxigênio por meio da transferência direta de elétrons, mantendo simultaneamente 
sua estabilidade através de estruturas de ressonância (COELHO et al., 2019).  O mesmo vale 
para a histidina, que apresenta grande capacidade de eliminar radicais hidroxila e quelar íons 
metálicos devido à presença do anel imidazol (WIRIYAPHAN et al., 2015). 
Como existem diferentes mecanismos pelos quais os peptídeos podem exercer a sua 
ação antioxidante, estes ainda são pouco compreendidos. Apesar de a estrutura dos aminoácidos 
fornecer informações sobre as suas propriedades, a atividade antioxidante dos peptídeos não 
depende apenas de sua composição, mas também da sequência em que os aminoácidos estão 
dispostos e a configuração dos peptídeos (LIU et al., 2017). 
26 
 
Em trabalho realizado por Zielińska et al. (2017), os autores utilizaram a digestão in 
vitro para hidrólise de proteínas de barata dúbia (Blaptica dubia), barata de Madasgacar 
(Gromphadorhina portentosa), gafanhoto-migratório (Locusta migratoria), tenébrio gigante 
(Zophobas morio) e grilo (Amphiacusta annulipes), fazendo uso de α-amilase, pepsina e 
pancreatina. O maior e menor grau de hidrólise foi observado nas amostras de L. migratoria 
(36,29%) e A. annulipes (15,8%), respectivamente. Dentre os insetos estudados, o grilo 
apresentou maior capacidade de eliminar o radical DPPH (IC50 = 19,1 µg mL
-1), bem como 
maior poder redutor e capacidade de quelar íons ferro. 
Liu et al. (2017) estudaram a obtenção de peptídeos com propriedades antioxidantes a 
partir da hidrólise enzimática do bicho-da-seda (Bombyx mori). As enzimas Alcalase e uma 
protease alcalina (Danisco) permitiram a obtenção de peptídeos com alta atividade antioxidante 
in vitro. Os autores testaram a estabilidade dos peptídeos submetendo-os à simulação da 
digestão gastrointestinal e observaram pequena redução nas propriedades bioativas, havendo 
retenção de aproximadamente 80% da atividade antioxidante. 
4.2.   Peptídeos com atividade antidiabética 
Diabetes mellitus (DM) é um distúrbio metabólico crônico caracterizado por 
hiperglicemia persistente (YU et al., 2011; MARYA et al., 2018). Essa doença pode ser 
resultado da produção insuficiente de insulina pelo pâncreas (DM Tipo 1) ou da incapacidade 
das células do corpo responderem adequadamente à insulina produzida (DM Tipo 2), 
dificultando o transporte de glicose da corrente sanguínea para dentro das células 
(QIANGQIANG et al., 2019). A Organização Mundial da Saúde (OMS) (2016) estimou que, 
globalmente, mais de 400 milhões de adultos vivem com diabetes, onde aproximadamente 90% 
dos casos se tratam de DM Tipo 2 (GONZÁLEZ-MONTOYA et al., 2018; UMPIERREZ et 
al., 2018). 
Além de provocar alterações no metabolismo de carboidratos, lipídeos e proteínas, a 
diabetes pode gerar complicações graves a longo prazo, como o desenvolvimento de doenças 
cardiovasculares, insuficiência renal crônica e danos na retina (YU et al., 2012; QIANGQIANG 
et al., 2019), sendo necessário o devido controle da doença (KIM; WANG; RHEE, 2004). O 





Entre os vários fármacos utilizados, destacam-se a acarbose, miglitol e voglibose 
(inibidores da α-glicosidase), metformina e glitazonas (sensibilizadores de insulina), 
polipeptídeos insulinotrópicos dependentes da glicose (como GLP-1) e inibidores da dipeptidil 
peptidase IV (DDP-IV) (glinidas) (MARYA et al., 2018).  
Apesar da disponibilidade de medicamentos, alterações metabólicas indesejáveis são 
geradas pelo uso contínuo destes que incluem distúrbios gastrointestinais e hepáticos, ganho de 
peso, edema periférico, dor de cabeça e hipotensão. A existência destes efeitos colaterais 
impulsiona a busca por processos para obtenção de compostos naturais com atividade 
antidiabética (WANG et al., 2015). Nesse sentido, peptídeos bioativos são alvo de estudos 
devido à sua potencial capacidade de inibir a ação de enzimas que rompem ligações glicosídicas 
(YU et al., 2012; ZHANG et al., 2016) e/ou da enzima DPP-IV, uma serino-protease que atua 
na degradação de incretinas reguladoras do metabolismo da glicose (GONZÁLEZ-MONTOYA 
et al., 2018). 
Peptídeos inibidores da α-amilase, que hidrolisam os carboidratos de cadeia longa; e da 
α-glicosidase, que catalisa a hidrólise sequencial de dissacarídeos e oligossacarídeos em 
monossacarídeos absorvíveis, são efetivos para o tratamento da DM Tipo 2. A ação destes 
peptídeos provoca a redução na taxa de absorção de glicose pelo intestino, reduzindo a 
hiperglicemia pós-prandial (APOSTOLIDIS; KWON; SHETTY, 2007; ZHANG et al., 2016). 
O processo de inibição ocorre devido à múltiplas interações dos peptídeos com estas enzimas, 
por meio da formação de ligações reversíveis que são integralmente dependentes das 
características estruturais dos peptídeos (ZHANG et al., 2016). Alguns estudos demonstraram 
a predominância da bioatividade em peptídeos de cadeia curta (aproximadamente 5 resíduos de 
aminoácidos), apresentando poder de inibição equivalente à acarbose (YU et al., 2011, 2012). 
Em estudo realizado por Hall et al. (2018), peptídeos com potencial atividade 
antidiabética foram obtidos de proteína de grilo (Gryllodes sigillatus) hidrolisada 
enzimaticamente com Alcalase. Diferentes condições de hidrólise foram aplicadas, variando a 
concentração de enzima e o tempo de reação, de modo a obter produtos com diferentes graus 
de hidrólise. O hidrolisado com maior potencial atividade antidiabética foi obtido em processo 
utilizando relação enzima/substrato de 3% e 80 minutos de reação, o qual foi capaz de inibir 
até 50% da atividade da enzima DPP-IV, sendo esse poder de inibição elevado a até 69% após 
submissão da amostra à simulação gastrointestinal. 
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4.3.   Peptídeos com atividade anti-hipertensiva 
A hipertensão é uma doença crônica caracterizada por elevado nível de pressão arterial 
(igual ou superior a 140/90 mmHg), decorrente do relaxamento insuficiente dos vasos 
sanguíneos (MAJUMDER et al., 2015). A doença é um problema de saúde pública a nível 
mundial, pois afeta aproximadamente 25% da população adulta na maioria dos países e consiste 
em um importante fator de risco para doenças cardiovasculares, podendo levar ao 
desenvolvimento de aterosclerose, acidente vascular cerebral e infarto do miocárdio (WHO, 
2014; BALTI et al., 2015). 
No corpo humano, a pressão sanguínea é regulada principalmente pelo sistema 
endócrino da renina-angiotensina. Neste sistema, as proteases renina e a enzima conversora de 
angiotensina (ECA) atuam na produção de angiotensina, um hormônio polipeptídico 
vasoconstritor que controla a pressão arterial através da contração dos músculos lisos dos vasos 
sanguíneos. A ação da renina (EC 3.4.23.15) consiste em hidrolisar o angiotensinogênio 
(proteína sintetizada no fígado na forma inativa) de modo a produzir angiotensina I, um 
decapeptídeo fisiologicamente inativo. A ECA (EC 3.4.15.1) então cliva o dipeptídeo histidil-
leucina da angiotensina I para formar o octapeptídeo fisiologicamente ativo, angiotensina II 
(vasoativa), a qual se liga à receptores na parede vascular para causar contrações dos vasos 
sanguíneos (ALUKO, 2015; RIZZELLO et al., 2016) (Figura 1). 
 
Figura 1 - Representação simplificada do sistema renina-angiotensina responsável pelo 
controle da pressão sanguínea. 
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 Em condições normais, a angiotensina II atua na manutenção da pressão sanguínea em 
níveis adequados, porém, distúrbios no sistema renina-angiotensina podem levar ao aumento 
da atividade da renina e ECA, elevando a pressão arterial. A ECA também cliva e inativa o 
peptídeo vasodilatador bradicinina, dificultando o relaxamento dos vasos sanguíneos (ALUKO, 
2012, 2015). Logo, uma maneira de promover a redução da pressão arterial é através da inibição 
da ECA, sendo esta uma das principais abordagens terapêuticas no tratamento da hipertensão 
(ADMASSU et al., 2018). 
 Inibidores sintéticos da ECA, como captopril e o enalapril, são fármacos frequentemente 
administrados para tratar a hipertensão, porém, essas drogas provocam vários efeitos colaterais 
adversos, como tosse seca, erupções cutâneas, hipercaliemia (níveis elevados de potássio no 
sangue), perda do paladar, apneia do sono, disfunção erétil e angioedema (DE CASTRO; 
SATO, 2015; CICERO; FOGACCI; COLLETTI, 2017). Desta forma, tem havido um crescente 
interesse na obtenção e utilização de compostos naturais inibidores da ECA, principalmente 
derivados de alimentos e que apresentem efeitos colaterais mínimos (CHEUNG; NG; WONG, 
2015). 
 Alguns peptídeos são capazes de inibir a ECA, tendo, portanto, potencial anti-
hipertensivo, além de possuir como vantagens a não promoção de efeitos colaterais e a 
facilidade de absorção (BALTI et al., 2015; ADMASSU et al., 2018). Estes peptídeos têm sido 
produzidos a partir da hidrólise enzimática de variadas fontes proteicas, como moluscos 
(BALTI et al., 2015), peixes (QARA; NAJAFI, 2018), feijão (SIOW; GAN, 2013), farelo de 
arroz (URAIPONG; ZHAO, 2015), proteínas lácteas (APOSTOLIDIS; KWON; SHETTY, 
2007), insetos (VERCRUYSSE et al., 2009) e algas (ADMASSU et al., 2018). 
 A atuação dos peptídeos na inibição da ECA não é completamente compreendida, 
porém, já se sabe que a sequência tripeptídica da extremidade carboxi-terminal dos peptídeos 
afeta diretamente sua interação com a ECA (CHEUNG; NG; WONG, 2015). Estudos têm 
demonstrado que a presença de prolina, tirosina ou triptofano nessa sequência terminal 
contribui para sua bioatividade, e que a presença de resíduos de aminoácidos com cadeias 
laterais aromáticas ao longo da estrutura peptídica potencializa as propriedades inibidoras da 





Em pesquisa realizada por Tao et al. (2017), avaliou-se a obtenção de peptídeos com 
capacidade de inibir a ECA, a partir da hidrólise da proteína da pupa do bicho-da-seda (Bombyx 
Mori). A hidrólise foi realizada utilizando uma protease neutra e o fragmento com maior 
potencial anti-hipertensivo foi identificado como sendo Gly-Asn-Pro-Trp-Met, apresentando 
603,7 Da e IC50 21,70 µM. Testes de estabilidade também foram realizados, verificando que 
variações de temperatura (40 a 80°C) e a digestão gastrointestinal in vitro não afetaram 
significativamente a atividade de inibição. 
 Peptídeos com atividade anti-hipertensiva também foram obtidos após hidrólise 
enzimática da proteína de larvas-da-farinha (Tenebrio molitor). Nesse trabalho, a enzima 
Alcalase foi utilizada para produção dos peptídeos, resultando em grau de hidrólise de 20% e 
IC50 de 0,39 mg mL
-1 para atividade de inibição da ECA. Os autores realizaram o fracionamento 
dos peptídeos e verificaram que a fração com maior atividade de inibição consistia de peptídeos 
com massa molecular entre 180 - 500 Da (IC50 = 0,23 mg mL
-1) quando avaliados in vivo 
utilizando ratos como modelos. Para os testes in vivo, doses múltiplas foram administradas 
oralmente, promovendo a redução da pressão arterial sistólica em 27 mmHg 4h após 
administração de uma dose de 400 mg kg-1 (peso corporal) (DAI; MA; LUO, 2013). 
4.4.   Peptídeos com atividade antimicrobiana 
 Antibióticos são medicamentos utilizados no controle de infecções bacterianas, 
interferindo no metabolismo microbiano e nos processos fisiológicos, como a replicação do 
DNA e a biossíntese da parede celular. Apesar da disponibilidade de múltiplos compostos 
antimicrobianos, casos de resistência a antibióticos tem se tornado cada vez mais frequentes, o 
que está relacionado à administração indiscriminada desses compostos, bem como à capacidade 
mutagênica dos micro-organismos. Apesar de as organizações de saúde prezarem pela redução 
de casos de resistência a antibióticos pela rígida regulamentação de seu uso, é indispensável o 
desenvolvimento de novos fármacos com potencial atividade antimicrobiana (DE CASTRO; 
SATO, 2015; MARIA-NETO et al., 2015). 
 Os peptídeos antimicrobianos, também conhecidos como peptídeos de defesa do 
hospedeiro, constituem uma classe diversa de moléculas, composta por pequenos peptídeos 
policatiônicos, que fazem parte da resposta imune inata, atuando como primeira linha de defesa 
de todos os organismos multicelulares (AGEITOS et al., 2017). Essas moléculas têm um amplo 
espectro de ação, sendo frequentemente ativas contra bactérias, leveduras, fungos filamentosos 
e vírus (ZHANG; GALLO, 2016). 
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 A ação antimicrobiana dos peptídeos está intimamente relacionada à sua estrutura 
molecular. Danos na membrana celular dos micro-organismos podem ser provocados por 
cadeias curtas de aminoácidos, compostas majoritariamente de aminoácidos catiônicos e 
hidrofóbicos, ao interagir com as membranas bacterianas, as quais possuem uma camada rica 
em fosfolipídios carregados negativamente, levando à alteração da permeabilidade e posterior 
ruptura não enzimática (AGEITOS et al., 2017; CHUNG; KHANUM, 2017). Adicionalmente, 
alguns peptídeos podem visar alvos intracelulares, atuando sobre diferentes estruturas, como 
DNA, RNA, enzimas reguladoras e outras proteínas (MARIA-NETO et al., 2015). 
 No trabalho realizado por Rahnamaeian et al. (2015), peptídeos antimicrobianos de 
zangões (Bombus pascuorum) tiveram sua atividade testada contra as linhagens de Escherichia 
coli. Os autores verificaram que, até concentrações de 200 mmol L-1, o peptídeo abecina não 
apresentou atividade antimicrobiana contra E. coli, enquanto o peptídeo himenoptaecina afetou 
o crescimento e a viabilidade das células bacterianas quando em concentrações superiores a 2 
mmol L-1. Ao testar a ação combinada desses peptídeos, observou-se que o peptídeo abecina 
foi capaz de reduzir a concentração inibitória mínima do himenoptaecina contra a E. coli, 
agindo sinergicamente. 
 Apesar de serem amplamente encontrados nos organismos vivos, peptídeos 
antimicrobianos podem ser produzidos por meio da hidrólise de substratos proteicos (DE 
CASTRO; SATO, 2015). Estes peptídeos são obtidos através de processos enzimáticos e 
apresentam diversidade estrutural e funcional análoga aos peptídeos de defesa do hospedeiro. 
Quanto à sua ação, também não interagem com receptores específicos, de modo que seu uso 
contra patógenos dificilmente poderá desenvolver casos de resistência (AGEITOS et al., 2017), 
o que desperta grande interesse na obtenção e uso desses peptídeos com fim farmacológico. Até 
o momento, não há trabalhos que relatem a atividade antimicrobiana de peptídeos obtidos pela 
hidrólise enzimática de proteínas de insetos. 
4.5. Elaboração de produtos à base de insetos e disponibilidade no mercado 
 O uso de insetos como ingredientes na elaboração de produtos alimentícios tem 
auxiliado na redução da resistência ao consumo destes. Na Espanha, a rede de supermercados 
Carrefour lançou uma linha de produtos, incluindo granola e macarrão, que continham insetos 
em sua composição. Outros exemplos são a Bugfoundation, empresa Alemã, que tem investido 
na produção de hambúrgueres de larvas e a empresa Chirps, que tem utilizado grilos como 
ingredientes de biscoitos salgados comercializados nos Estados Unidos (ALVIN, 2018). 
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 No Brasil, o mercado de insetos comestíveis também está em constante ascensão. A 
inserção dos insetos na alimentação tem se dado como ingredientes de produtos como doce de 
damasco com grilo, barras de chocolate com larvas, sorvete de pistache com insetos, 
suplemento proteico de farinha de grilo e barrinhas de cereal (RODRIGUES, 2019). Apesar do 
interesse de empresas em lançar produtos no mercado, uma grande barreira tem sido a falta de 
legislação nacional que trata do uso de insetos na alimentação humana. Nesse sentido, a 
produção de insetos no país tem se destinado principalmente à produção de ração animal. A 
exemplo disso, temos as empresas Safari Insetos e Intech Brasil, que fornecem insetos 
desidratados para produção de ração, bem como os insetos vivos, atendendo ao mercado pet de 
animais exóticos como aves e répteis (MORAES; FERNANDES, 2018). 
 Apesar dos fatores relacionados à aceitação, a utilização de insetos como ingredientes 
também pode resultar em melhorias de características nutricionais e tecnológicas de produtos 
alimentícios. Em trabalho realizado por Roncolini et al. (2020), larvas de farinha menor 
(Alphitobius diaperinus) em pó foram adicionadas à formulação de torradas de pão, em 
substituição à farinha de trigo (10 a 30%). Após análise de composição, verificou-se que as 
torradas fortificadas apresentaram teor proteico 99% superior à amostra controle. Também foi 
observado o aumento expressivo no conteúdo de aminoácidos essenciais e minerais, com 
destaque para a histidina e zinco, respectivamente. Farinha de larvas-da-farinha (Tenebrio 
molitor) e farinha de grilo (Acheta domesticus) também foram aplicadas na produção de pães, 
substituindo níveis de 5 a 15% da farinha de trigo. Nesse estudo, as propriedades reológicas da 
massa e as características dos pães foram avaliadas e os resultados mostraram que os produtos 
apresentaram aumento da estabilidade da massa e redução do grau de amolecimento quando 
15% de farinha de grilo foi incorporado (CAPPELLI et al., 2020). 
5.   Conclusão 
Os insetos são ricos em proteínas e sua produção é realizada por processos menos 
danosos ao meio ambiente quando comparados à produção da carne, porém ainda há grande 
resistência ao seu consumo. A hidrólise enzimática das proteínas de insetos permite a obtenção 
de compostos com melhores propriedades tecnofuncionais e biológicas, permitindo sua 
aplicação como ingredientes em formulações ou com fins nutracêuticos. As propriedades 
bioativas desses compostos estão principalmente relacionadas ao tamanho das moléculas, 
sequência de aminoácidos e conformação estrutural, porém, alguns processos de inibição ainda 
são pouco compreendidos. Muitas pesquisas já vêm utilizando os insetos como substrato 
proteico para obtenção de peptídeos bioativos, havendo a predominância de compostos com 
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atividade antioxidante, antidiabética e anti-hipertensiva. Algumas novas oportunidades de 
estudo incluem a avaliação dessas bioatividades em sistemas in vivo, avaliação de técnicas de 
incorporação desses peptídeos em matrizes alimentícias e investigação de fatores relacionados 
à alergenicidade desses produtos. A falta de legislação referente à comercialização de insetos 
para consumo humano tem sido uma grande barreira para inserção desses produtos no mercado 
brasileiro, porém, medidas já têm sido tomadas junto às agências reguladoras responsáveis. 
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Insects are considered highly nutritious and their use as part of the human diet is practiced in 
many parts of the world. Due to their high protein content, they have been studied as substrates 
for the generation of bioactive peptides. The objective of this study was to evaluate the 
obtaining of peptides with antioxidant properties using a black cricket (Gryllus assimilis) 
protein concentrate enzymatically hydrolyzed by different commercial protease preparations. 
The enzymes FlavourzymeTM 500L, AlcalaseTM 2.4L, and NeutraseTM 0.8L were used 
individually or in binary/ternary combinations and the synergistic and antagonistic effects of 
these combinations on the antioxidant properties of protein hydrolysates were determined. The 
enzymatic hydrolysis of black cricket protein concentrate allowed the formation of peptides 
with high antioxidant activity, reaching an increase of approximately 160% in the total 
antioxidant capacity and 93% in the ferric reducing antioxidant power (FRAP). The isolated 
use of the enzyme FlavourzymeTM 500L showed the most prominent positive effect on the 
antioxidant properties, presenting IC50 of 455.08 μg mL
-1 and 70.87 μg mL-1 for DPPH- and 
ABTS- radicals scavenging activities, respectively. This sample was composed mainly of small 
peptides (MW < 3 kDa), being the antioxidant properties increased after fractionation by 
ultrafiltration. 
Industrial relevance text 
Insects represent an alternative source of proteins and their modification by hydrolysis allows 
the obtaining of compounds with great potential for industrial application as functional 
ingredients or for nutraceutical purposes. The use of experimental design proved to be an 
adequate tool for defining the best process conditions and increasing the achievement of 
biologically active compounds. 





Entomophagy, the consumption of insects, it is a practice adopted in many regions of 
the world, mainly in Asia, Latin America and Africa (De Castro, Ohara, Aguilar, & Domingues, 
2018; Rumpold & Schlüter, 2013; Woolf, Zhu, Emory, Zhao, & Liu, 2019). The current and 
exact number of insects’ species that can be used as human food is unknown, however, there 
are already more than 2000 registered and cataloged edible species (Nowak, Persijn, 
Rittenschober, & Charrondiere, 2016; Varelas & Langton, 2017). According to FAO (2013), 
the most consumed insects worldwide are beetles (Coleoptera) (31%), caterpillars 
(Lepidoptera) (18%), bees, wasps, ants (Hymenoptera) (14%), grasshoppers and crickets 
(Orthoptera) (13%). 
Insects are considered highly nutritious, being recognized as a source of proteins, lipids, 
minerals and vitamins (Rumpold & Schlüter, 2013). The compositions vary greatly according 
to the species, stage of metamorphosis, the origin of the insect and its diet. Nevertheless, 
considering the average nutrient contents of different insect orders, it is possible to affirm that 
the main constituents are proteins and lipids, being the average protein content between 35% 
for Isoptera (termites) and 61% for Orthoptera (crickets, grasshoppers) and the average content 
of lipids can vary from 13% for Orthoptera to 33% for Coleoptera (beetles, larvae) (Kouřimská 
& Adámková, 2016; Rumpold & Schlüter, 2013). 
In addition, as a rich source of nutrients, the use of insects for the human diet represents 
a valuable alternative source of high-quality protein in terms of the amount and profile of 
essential amino acids, which may offset the growing demand for animal protein, avoiding 
deforestation for grassland. Moreover, the high food conversion efficiency of insects compared 
with conventional livestock results can considerably decrease the greenhouse gas emissions 
(Gere, Székely, Kovács, Kókai, & Sipos, 2017; Poma et al., 2017). 
In recent years, there has been a growing interest in the modification or improvement of 
insect nutrients, especially proteins, to obtain ingredients with better techno-functional and 
biological properties, such as the bioactive peptides. These peptides are defined as specific 
fractions of proteins with amino acid sequences that promote a positive impact on several 
biological functions, acting, for example, as antihypertensives, antimicrobials, antidiabetics, 
and antioxidants compounds (De Castro & Sato, 2015; Nongonierma & FitzGerald, 2017). The 
bioactive properties identified in these peptides allow their use as functional or nutraceuticals 
foods, being a potential substitute for the use of synthetic compounds (De Castro & Sato, 2016). 
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The production of bioactive peptides is performed from the choice of the protein source 
and subsequent obtaining of their hydrolysates through the breakdown of the bonds between 
amino acids. This process occurs by the proteolytic action of endogenous enzymes (autolysis), 
exogenous enzymes (commercial preparations) or by microbial fermentation (Li-Chan, 2015; 
Ryder, Bekhit, McConnell, & Carne, 2016; Toldrá, Reig, Aristoy, & Mora, 2018). Usually, the 
peptides formed consist of less than 20 amino acid residues and have a molecular weight of less 
than 10 kDa (Aluko, 2012). 
Thus, the aim of this study was to evaluate the obtaining of peptides with high antioxidant 
properties using a protein concentrate from black cricket (Gryllus assimilis) enzymatically 
hydrolyzed by different protease preparations. For this, the commercial enzymes were applied 
alone and in binary/ternary combinations. The antioxidant properties of the hydrolysates were 
evaluated by total antioxidant capacity, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 
scavenging activity, 2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical 
scavenging activity and ferric reducing antioxidant power (FRAP) assays. Additionally, in 
order to classify the peptides according to the molecular weight, the hydrolysates with greater 
antioxidant potential were fractionated by ultrafiltration. 
2. Material and methods 
2.1. Reagents 
The reagents azocasein, 6-hydroxy-2,5,7,8-tetramethyl-3,4-dihydrochromene-2-
carboxylic acid (Trolox), 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2'-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), 2,4,6-tris(2-pyridyl)-S-
triazine (TPTZ), Folin-Ciocalteu reagent and the commercial proteases FlavourzymeTM 500L 
from Aspergillus oryzae, AlcalaseTM 2.4L from Bacillus licheniformis and NeutraseTM 0.8L 
from Bacillus amyloliquefaciens were purchased from Sigma-Aldrich (Steinheim, Germany). 
The other reagents used were of analytical grade. 
2.2. Protein concentrate 
Dehydrated black crickets (Gryllus assimilis was kindly donated by the company Agrin 
– Criação e Comércio de Insetos located in the city of Avaré (Sao Paulo state, Brazil - 
23°06'23.8"S 48°57'26.7"W). The black cricket protein concentrate (BCPC) was obtained 
according to the method described by Zielińska, Karaś, & Baraniak (2018), with slight 
modifications. Initially, dehydrated insects were ground for the production of cricket flour, 
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which was solubilized in distilled water (1:3 w/v). The pH was adjusted to 11 with 0.2% sodium 
hydroxide solution (NaOH) and the mixture was kept under stirring for 1h at 25°C. Then, the 
solution was centrifuged at 8,000 x g for 20 min at 25°C. The supernatant collected had the pH 
adjusted to 4.5 with 1M hydrochloric acid solution (HCl) and was centrifuged at 8,000 x g for 
20 min at 4°C. The precipitate was resuspended in a small amount of distilled water, frozen, 
lyophilized and stored at -20°C for further analysis. The protein content was determined by 
modified Lowry’s method, as described by Hartree (1972). 
2.3. Determination of protease activity 
The protease activity was determined according to the method proposed by Charney & 
Tomarelli (1947) and described by Aguilar, Cason & Castro (2019). A reaction mixture 
containing 0.25 mL of 1% azocasein, 0.25 mL of 0.1 mol L-1 phosphate buffer (pH 7) and 0.5 
mL of enzyme solution was incubated for 40 minutes at 50°C. An aliquot of 0.5 mL of 10% 
trichloroacetic acid (TCA) was used to stop the reaction. The blank was performed using the 
same reaction mixture, but with the addition of 10 % TCA before the enzyme solution. The 
solution was centrifuged at 8,000 x g for 15 min at 25°C. An aliquot of 1 mL of the supernatant 
was neutralized with 1 mL of 5 mol L-1 potassium hydroxide (KOH) and the absorbance was 
measured at 428 nm. One unit of protease activity (U) was defined as the amount of enzyme 
required to produce a difference of 0.01 absorbance per minute of reaction between the blank 
and the sample under the assay conditions. 
2.4. Enzymatic hydrolysis 
 Three commercial protease preparations (FlavourzymeTM 500L, AlcalaseTM 2.4L, and 
NeutraseTM 0.8L) were used for the production of BCPC hydrolysates, according to an 
experimental mixture design. The protein concentrate was diluted in 100 mmol L-1 sodium 
phosphate buffer (pH 7) at the concentration of 100 mg mL -1 and the proteases were added 
(100 U per mL of reaction mixture). The solutions were incubated at 50°C under stirring at 100 
rpm for 2h. After hydrolysis, the solutions were heat-treated at 100 °C for 20 min for the 
proteases inactivation. The samples were centrifuged at 8,000 x g for 20 min at 5°C and the 
supernatants containing the bioactive peptides were collected, frozen and lyophilized to 
determine their antioxidant properties. In the enzymatic hydrolysis process using the 
experimental mixture design, ten tests were performed with the components evaluated in 6 




 All the experiments performed were analyzed comparatively with the non-hydrolyzed 
sample. Linear, quadratic or cubic equations were used to define the model’s equations for each 
studied dependent variable, as shown below: 









where 𝑌𝑖 is the response estimated by the model; 𝑞 is the number of components in the system; 
𝑋𝑖, 𝑋𝑗, 𝑋𝑘 are the coded independent variables; 𝛽𝑖 is the regression coefficient for each linear 
effect term; 𝛽𝑖𝑗 is the binary interaction effect term and 𝛽𝑖𝑗𝑘 is the ternary interaction effect 
term. The multiple correlation coefficient (R2) and Fisher's test (analysis of variance-ANOVA) 
were used to verify the statistical adequacy of the proposed models to the real points. 
Three additional experiments were performed under the most adequate condition 
determined in the mixture design to confirm the validity of the models. The experimental values 
obtained in validation tests were compared with the predicted values at 95% confidence 
interval. 
2.5. Antioxidant properties 
2.5.1. Total antioxidant capacity 
The determination of the total antioxidant capacity was performed according to the 
method described by Prieto, Pineda, & Aguilar (1999). Aliquots of 0.1 mL of each sample (2.5 
mg mL-1) were transferred to Eppendorf tubes and added 1.0 mL of reagent solution, consisting 
of 0.6 mol L-1 sulfuric acid, 28 mmol L-1 sodium phosphate monobasic and 4 mmol L-1 
ammonium molybdate. The test tubes were capped and incubated at 90°C for 90 min. Samples 
were cooled to room temperature and the absorbance measured at 695 nm. The standard curve 
was made using Trolox (0 – 750 µmol L-1). The final values of total antioxidant capacity were 
expressed in μmol of Trolox equivalent per gram of protein hydrolysate (μmol TEq g-1). 
2.5.2. DPPH radical scavenging activity 
The analysis was based on the method described by Brand-Williams, Cuvelier, & Berset 
(1995). Aliquots of 66 μL of the samples (5 mg mL -1) were added to 134 μL of the 150 mmol 
L-1 DPPH radical solution. The microplate was incubated for 45 min and the absorbance was 
determined at 517 nm in a microplate reader (Multiskan GO, Thermo Fisher Scientific, 
Finland). The results were expressed as μmol TEq g-1.  
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2.5.3. ABTS radical scavenging activity 
The ABTS radical scavenging activity was performed according to the method 
described by Re et al. (1999). The ABTS ▪ + radical was generated by the reaction of 5 mL of 
the 7 mmol L-1 ABTS reagent with 88 μL of 140 mmol L-1 potassium persulfate (K2S2O8). The 
solution was kept at room temperature for 16 h for radical formation. The initial absorbance of 
the solution was adjusted to 0.70 ± 0.02. Aliquots of 20 μL of the samples (2.5 mg mL-1) were 
added to 220 μL of the ABTS solution. The reaction mixtures were incubated for 6 min and the 
absorbance determined at 734 nm in a microplate reader (Multiskan GO, Thermo Fisher 
Scientific, Finland). The results were expressed as μmol TEq g-1. 
2.5.4. Ferric Reducing Antioxidant Power (FRAP) 
The antioxidant capacity evaluated by the FRAP method was estimated according to the 
procedure described by Benzie & Strain (1996), with slight modifications. The FRAP reagent 
was prepared using 10 mL of 10 mmol L-1 TPTZ solution in 40 mmol L-1 HCl, 10 mL of 20 
mmol L-1 ferric chloride hexahydrate (FeCl3·6H2O) and 100 mL of 0.3 mol L
-1 acetate buffer 
(pH 3.6). Aliquots of 25 μL of samples (2.5 mg mL-1) and 175 μL of the FRAP reagent were 
added to each well of the microplate. In the microplate reader (Multiskan GO, Thermo Fisher 
Scientific, Finland), the reaction mixture was kept for 30 min at 37°C and the absorbance 
measured at 595 nm. The results were expressed as μmol TEq g-1. 
2.6. Effect of hydrolysates concentration on antioxidant properties 
 The protein hydrolysate that showed the highest antioxidant properties was evaluated at 
various sample concentrations (1 - 6 mg mL-1). The antioxidant properties were expressed as 
μmol TEq g-1 for the total antioxidant activity and FRAP assays and as percentage of radical 
inhibition for the DPPH and ABTS assays. The analyses were performed as described in section 
2.5. 
2.7. Fractionation by ultrafiltration 
The protein hydrolysate which presented the highest antioxidant properties was 
fractionated by ultrafiltration and analyzed for their bioactive properties. Fractionation was 
performed by centrifugal ultrafiltration using 30, 10, 5 and 3 kDa molecular weight cut-off 
(MWCO) membranes (Millipore Corporation Ultrafiltration Membranes, Billerica, USA). The 
protein content of the fractions was determined by the modified Lowry's method (Hartree, 
1972) and the protein concentration was adjusted for evaluation of the antioxidant properties. 
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2.8. Statistical analysis 
Statistica®13 software from TIBCO Software Inc. (Palo Alto, California, USA) was 
used to analyze experimental design data and define the statistical models. The results were 
analyzed statistically by one-way ANOVA with posthoc Tukey test, using Minitab®18 
software from Minitab Inc. (USA). Values were expressed as arithmetic mean and considered 
statistically different when p-values were less than 0.05. 
The Pearson correlation coefficient was used to measure the strength of the linear 
dependence between different responses and it was performed using the software Minitab® 18 
from Minitab Inc. (USA). The correlations between the analyzed responses were considered 
significant when p-value ≤ 0.05. 
3.  Results and discussion 
3.1. Protein concentration and enzymatic activity 
The dehydrated black cricket showed protein content of approximately 36% and the 
BCPC reached 79%, which corresponds to yield of 45.5% and justifies the protein concentration 
process, since it allows greater amount of available substrate for enzymatic hydrolysis. The 
measured enzyme activities of the proteases FlavourzymeTM 500L, AlcalaseTM 2.4L and 
NeutraseTM 0.8L were 6000, 18000 and 200000 U mL-1, respectively. This determination was 
important for the adequacy of the hydrolysis conditions to the experimental design and 
adjusting the initial enzyme concentration in terms of activity to the same baseline (100 U mL-
1). 
3.2. Antioxidant properties of the BCPC hydrolysates 
 The enzymatic hydrolysis of BCPC showed to be an efficient process for obtaining 
peptides with improved biological activities, in which all enzymatic treatments promoted 
increases in the antioxidant properties of BCPC compared to the non-hydrolyzed sample. The 
isolated use of FlavourzymeTM 500L (run 1) promoted an increase of 159.83% in the total 
antioxidant capacity compared to non-hydrolyzed sample (control) (Table 1). The analysis of 
the total antioxidant capacity occurs through the evaluation of the phosphomolybdenum 
complex formation, by the Mo (IV) reduction to Mo (V) and subsequent formation of 
phosphate/Mo (V) complex. Since, there is a requirement for a reducing agent to produce Mo 
(V), this method can be used to determine the presence of any reducing species (Hossain & 
Shah, 2015; Prieto et al., 1999).
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Table 1. Antioxidant properties of the protein hydrolysates from black cricket obtained by enzymatic hydrolysis using the statistical mixture design and 
different proteases and their combinations. 




Total antioxidant capacity DPPH ABTS FRAP 
x1 x2 x3 µmol TEq g-1 RAA (%) µmol TEq g-1 RAA (%) µmol TEq g-1 RAA (%) µmol TEq g-1 RAA (%) 
Control - - - 3,174.47 ± 218.53d - 198.62 ± 0.37f - 4,735.55 ± 58.46f - 356.71 ± 45.23d - 
1 1 0 0 8,248.12 ± 234.95a 159.83 334.70 ± 3.23a 68.52 7,087.23 ± 189.67b 49.66 546.30 ± 47.91b, c 53.15 
2 0 1 0 3,604.41 ± 161.55d 13.54 234.71 ± 7.33d 18.17 5,362.84 ± 126.51e 13.25 641.67 ± 28.60a, b 79.89 
3 0 0 1 2,948.29 ± 52.20d -7.12 210.84 ± 1.39e 6.15 4,826.92 ± 72.26f 1.93 414.48 ± 44.24c, d 16.20 
4 1/2 1/2 0 7,969.15 ± 344.26a 151.04 333.51 ± 9.28a 67.91 7,694.29 ± 37.18a 62.48 655.89 ± 80.45a, b 83.87 
5 1/2 0 1/2 6,570.50 ± 132.79b, c 106.98 291.90 ± 0.29b 46.97 7,030.78 ± 77.00b 48.47 679.86 ± 56.48a, b 90.59 
6 0 1/2 1/2 3,248.41 ± 832.36d 2.33 237.99 ± 1.59d 19.82 5,745.53 ± 54.44d 21.33 668.85 ± 56.64a, b 87.51 
7 2/3 1/6 1/6 7,502.80 ± 125.86a, b 136.35 291.55 ± 2.34b 46.79 6,501.39 ± 40.00c 37.29 656.06 ± 36.51a, b 83.92 
8 1/6 2/3 1/6 5,914.74 ± 75.65c 86.32 273.48 ± 1.50c 37.69 6,508.11 ± 55.97c 37.43 688.44 ± 33.53a 93.00 
9 1/6 1/6 2/3 6,066.60 ± 157.26c 91.11 294.61 ± 0.17b 48.33 6,842.61 ± 53.66b 44.49 603.80 ± 39.95a, b 69.27 
10 1/3 1/3 1/3 6,386.94 ± 426.31c 101.20 277.01 ± 3.61c 39.47 6,332.36 ± 53.04c 33.72 611.32 ± 5.46a, b 71.38 
x1: Flavourzyme ; x2: Alcalase; x3: Neutrase. The relative antioxidant activity (RAA) (%) was calculated as the percentual variation of the antioxidant activity (µmol TEq g-1) obtained 
for the hydrolyzed samples in comparison with their respective control assays (non-hydrolyzed protein). 
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 The protein hydrolysates obtained using FlavourzymeTM 500L (run 1) also showed the 
best result for DPPH radical scavenging activity, being this activity 68.52% higher than non-
hydrolyzed sample (control). Similar results were observed by the combined use of 
FlavourzymeTM 500L and AlcalaseTM 2.4L (run 4). The use of this combination was responsible 
by increase of 62.48% on ABTS radical scavenging activity of the protein hydrolysates. 
 Analyses of DPPH and ABTS radical scavenging activity are based on the transfer of 
electrons (Floegel, Kim, Chung, Koo, & Chun, 2011). In the DPPH analysis, the radical is 
reduced to 1,1-diphenyl-2-picrylhydrazine. As the radical electrons become paired by the 
presence of antioxidant compounds, change in reagent color from violet to yellow may occur, 
with consequent absorbance reduction (Wollinger et al., 2016). Similarly, in the ABTS analysis, 
the 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical is reduced by receiving 
electrons from the antioxidant agents, losing their blue/green coloration (Floegel et al., 2011). 
 The samples presented DPPH radical scavenging activity between 210.84 (run 3) and 
334.70 μmol TEq g-1 (run 1). Similar values were found when the antioxidant activity of 
hydrolyzed silkworm proteins (Bombyx mori) was evaluated in a study conducted by Liu, Wan, 
Liu, Zou, & Liao et al. (2017), where the fraction with the smallest peptides formed (< 3 kDa) 
presented antioxidant activity of 276 μmol TEq g-1 regarding the DPPH radical scavenging.  
The FRAP method is based on redox reaction in which ferric complex (Fe3+) is reduced 
to blue ferrous form (Fe2+) by the action of a reducing agent (antioxidant) (Liu et al., 2017). For 
this analysis, the highest antioxidant activity was 688.44 μmol TEq g-1, corresponding to an 
increase of 93% compared to non-hydrolyzed sample. In study conducted by Hall et al. (2017), 
FRAP analysis was performed to evaluate the reducing power of cricket proteins (Gryllodes 
sigillatus). The antioxidant activity ranged from 5 μmol TEq mg-1 for the non-hydrolyzed 
sample to 991.3 μmol TEq mg-1 for hydrolyzed sample, leading to the conclusion that 
hydrolysis process promoted the releasing of bioactive peptides with high antioxidant activity.  
 According to Coelho, Aquino, Latorres, & Salas-Mellado (2019), hydrophobic amino 
acids such as alanine, valine, isoleucine, leucine, proline, and methionine have electrons that 
can be donated to eliminate free radicals. Aromatic amino acids such as tyrosine and 
phenylalanine are able to stabilize reactive oxygen species by direct electron transfer while 
maintaining their stability through resonance structures. The same concept can be applied to 
histidine, which has a great capacity to eliminate hydroxyl radicals and to chelate metal ions 
due to the presence of the imidazole ring (Wiriyaphan, Xiao, Decker, & Yongsawatdigul, 2015). 
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3.3. Synergistic and antagonistic effects of proteases on the production of antioxidant 
peptides 
 As previously shown, the isolated use of FlavourzymeTM 500L in the hydrolysis process 
was responsible for the greater values of total antioxidant capacity and DPPH radical 
scavenging, besides to be present on both binary and ternary combinations that generated BCPC 
hydrolysates with the highest antioxidant activities on ABTS and FRAP methods. 
FlavourzymeTM 500L is a mixture of fungal endo- and exoproteases from Aspergillus oryzae 
strain. Due to its low specificity, this enzyme can generate high degrees of hydrolysis, with the 
endoproteases being responsible for the rupture of peptide bonds within the protein chain, while 
the exoproteases were responsible for the removal of amino acids in the terminal regions of the 
polypeptide chains, that is, the amino- and carbon-terminals structures (Chiang, Loveday, 
Hardacre, & Parker, 2019; Esfandi, Willmore, & Tsopmo, 2019). 
 The use of ternary combination of proteases (run 8) resulted in protein hydrolysates with 
increased ferric reducing antioxidant power (FRAP). This fact may be related to the synergistic 
action of proteases with different mechanisms of action and specificities on protein hydrolysis. 
AlcalaseTM 2.4L is a Bacillus licheniformis endoprotease, it is classified as serine protease and 
exhibit high specificity for cleavage of aromatic amino acids (Waglay & Karboune, 2016). 
NeutraseTM 0.8L is an endoprotease that has high affinity for hydrophobic amino acids (Aguilar 
et al., 2019), and can promote, as well as AlcalaseTM 2.4L, increase in the number of target sites 
available for the FlavourzymeTM 500L action, which justifies the synergistic effect of the 
ternary combination of the applied proteases (Nchienzia, Morawicki, & Gadang, 2010). 
 NeutraseTM 0.8L, when employed individually, generated low or no increase in 
antioxidant properties when compared to non-hydrolyzed sample (control). This may be a 
consequence of the profile and consequently, the size of the peptides formed by the use of this 
protease, considering the generalization that larger peptides tend to present less antioxidant 
properties when compared to small peptides (Hall, Johnson, & Liceaga, 2018; Ryder et al., 
2016). Another factor to be considered is the half-life of this protease under reactive conditions, 
since the presence of substrate may inhibit the enzymatic action and directly affect the bioactive 




3.4. Analysis of variance, contour plots and validation  
 Analysis of variance (ANOVA) showed that 72% to 97% of the total variation of 
antioxidant activities could be explained by the models. The best models were obtained for the 
antioxidant properties related to FRAP and total antioxidant capacity, as shown in Table 2. All 
values of F-calculated were higher than the F-tabulated, for p-value ≤ 0.10. 
Contour plots (Figure 1) were generated using the significant parameters for each 
response, evidencing the main and interaction effects of the commercial proteases in the 
production of protein hydrolysate with antioxidant properties. The angles of the triangles 
correspond to the responses for the isolated use of proteases, the midpoints on the sides are 
related to the use of binary mixtures and the central points refer to the ternary mixtures. 
 
Figure 1. Mixture-contour plots for antioxidant activities evaluated by the methods: total 
antioxidant capacity (A), DPPH (B) and FRAP (C) of the protein hydrolysates from black 
cricket using a statistical mixture design.
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Table 2. Analysis of variance (ANOVA) including models, R2 and probability values for the final reduced models for antioxidant activities of the protein 
hydrolysates from black cricket. 
x1: Flavourzyme ; x2: Alcalase; x3: Neutrase represents the coded values for independent variables. 2 Results are presented as the mean (n = 3) ± SD and those with different letters are 
significantly different on the same line (p ≤ 0.05). 3RSD (%) = relative standard deviation. 
 
Table 3.  Validation tests performed to determine the adequacy of the models obtained for antioxidant activities of the protein hydrolysates from black cricket. 
The coded values in model equations represent the independent variables and their interactions: x1: Flavourzyme ; x2: Alcalase; x3: Neutrase. 
 
Responses 
(µmol TEq g-1) 
Models Equations F-test R² p-value 
Total antioxidant 
capacity 
Quadratic 𝑌 = 8449.53𝑥1 + 3717.00𝑥2 + 3810.21𝑥3 + 8515.92𝑥1𝑥2 19.09 0.91 0.002 
DPPH Linear 𝑌 = 346.05𝑥1 + 255.39𝑥2 + 232.65𝑥3 9.09 0.72 0.011 
FRAP Special Cubic 𝑌 = 549.89𝑥1 + 646.42𝑥2 + 414.61𝑥3 + 264.28𝑥1𝑥2 + 805.33𝑥1𝑥3 + 572.86𝑥2𝑥3 − 2233.64𝑥1𝑥2𝑥3 17.06 0.97 0.020 







x1 x2 x3 
Total antioxidant capacity 1 0 0 8,449.53a 8,110.71 ± 587.33a -4.01 
DPPH 1 0 0 346.05b 318.00 ± 24.67b -8.10 
FRAP 1 0 0 549.89c 605.15 ± 37.42c 10.05 
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The best effects on antioxidant properties of BCPC hydrolysates were obtained when 
FlavourzymeTM 500L was applied. For total antioxidant capacity, it is possible to visualize a 
synergistic effect between FlavourzymeTM 500L and AlcalaseTM 2.4L that favored the 
antioxidant activity of the hydrolysates, but not superior to the individual effect of 
FlavourzymeTM 500L. It is also possible to detect positive synergistic effects in the use of binary 
and ternary protease combinations on FRAP assay, but in this case, these effects were higher 
than to the detected by the isolated use of the enzymes (Figure 1). 
 Considering all the performed approaches, the most adequate condition for obtaining 
protein hydrolysate from BCPC was the isolated use of FlavourzymeTM 500L, since the use of 
this enzyme promoted the highest increases on the antioxidant properties of the protein 
hydrolysates. Thus, for validation of the models, the run 1 was again performed in triplicate 
followed by evaluation of the antioxidant properties. The experimental values and those 
predicted by the models were in agreement (p ≤ 0.05), being able to predict the antioxidant 
activities of the protein hydrolysates carried out by the proposed methods (Table 3). 
3.5. Effect of the BCPC hydrolysates concentration 
 As the hydrolysis performed with isolated use of FlavourzymeTM 500L was considered 
as the most adequate condition for obtaining peptides with improved antioxidant properties, 
this sample was subjected to an additional test, in which the bioactivities were evaluated in 
function of the peptides concentration. As shown in Figure 2, for all analyses, it was possible 
to verify a linear behavior between the sample concentration and the antioxidant activity, which 
was confirmed by the Pearson coefficient, being higher than 0.98 for all tests (p-value ≤ 0.001). 
 With this data, it was possible to determine the concentration of black cricket protein 
hydrolysate required to eliminate 50% of the radical DPPH (IC50 = 455.08 μg mL
-1) and ABTS 
(IC50 = 70.87 μg mL
-1).The antioxidant activities obtained in our study were lower than those 
obtained by Zielińska, Karaś, & Jakubczyk (2017). These authors studied the antioxidant 
properties of cricket (Amphiacusta annulipes) protein hydrolyzed by gastrointestinal simulation 
and detected values of IC50 of 19.1 μg mL
-1 and 7.4 μg mL-1 for the DPPH and ABTS radical 
scavenging activity, respectively. In contrast, the ABTS radical scavenging activity exhibited 
by the BCPC hydrolysate was higher than obtained for peptides from amaranth seed proteins 
that presented IC50 ranging from 0.992 to 6.931 mg mL
-1 (Ayala-Niño et al., 2019). 
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The same occurred when compared the DPPH radical scavenging activity of Pacific 
herring (Clupea pallasii) protein hydrolysate that showed IC50 ranged between 7.05 and 13.56 
mg mL-1 (Wang et al., 2019). 
    Figure 2. Effect of black cricket protein hydrolysate concentration (run 1) on antioxidant 
properties: total antioxidant capacity (A), DPPH (B), ABTS (C) and FRAP (D). 
3.6. Fractionation by ultrafiltration of the BCPC hydrolysate 
 After fractionation of BCPC hydrolyzed by FlavourzymeTM 500L, it was possible to 
verify that this sample was mainly composed of peptides with molecular weight (MW) less than 
3 KDa (48.64%), following of molecules with MW higher than 30 KDa (24.66%) (Figure 3). 
 The protein content of each fraction was measured and standardized and their 
antioxidant properties were evaluated. As shown in Figure 4, all fractions of the BCPC 
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For the total antioxidant capacity (TAC) and FRAP assays, the higher antioxidant 
potential was identified on the fraction with MW less than 3 kDa. For DPPH and ABTS radical 
scavenging activities, the fractions with MW lower than 10 and 5 kDa was responsible for the 
highest bioactivities, respectively. Thus, the fractionation of the BCPC hydrolysate promoted 
an increase in its antioxidant properties, which is in agreement with the literature, since smaller 
peptides have a tendency to present higher bioactivities (Yang et al., 2019). 
 
Figure 3. Molecular weight distribution of BCPC hydrolyzed using FlavourzymeTM 500L 
(run 1). Different letters indicate significant difference (p < 0.05). 
 
Figure 4. Relative antioxidant activities of black cricket protein hydrolysates for the non-
fractionated and fractionated samples by ultrafiltration. Different letters indicate significant 

























































































 This improvement on antioxidant properties was also observed in the study of 
Wiriyaphan et al. (2015), in which after fractionation, the protein hydrolysates from the frame, 
bone, and skin of threadfin bream presented the highest ABTS radical scavenging activity and 
iron ion reduction power in the fraction containing peptides with MW less than 5 kDa. Chen et 
al. (2019) evaluated the antioxidant properties of black soybean protein hydrolysate 
fractionated in three fractions (< 4 kDa, 4–6 kDa and > 6 kDa), finding the highest DPPH and 
hydroxyl radical scavenging activity in the fraction of peptides with MW lower than 4 kDa. 
According to Liu et al. (2017), peptides with lower molecular weight have more amino 
acids exposed to interact with free radicals, being the characteristic antioxidant activity of 
amino acids dependent of the properties of their lateral residues. However, although the amino 
acid structure, the antioxidant activity of peptides also is influenced by the sequence in which 
the amino acids are arranged and the peptide configuration. 
4.  Conclusion 
 This study demonstrated that the hydrolysis of black cricket protein allowed the 
obtaining of peptides with improved antioxidant properties. The enzymes used in the hydrolysis 
process affected directly the profile of released peptides and their bioactivities. The isolated use 
of FlavourzymeTM 500L resulted in the highest percentual increases of antioxidant properties 
of the BCPC, which was confirmed by analyzing the effects of the generated models. The 
peptides released during hydrolysis presented a linear correlation between their concentration 
and the antioxidant properties. After hydrolysis and fractionation, it was possible to verify that 
the sample was composed mainly of small peptides that presented high antioxidant properties. 
Finally, the experimental mixture design was a fundamental tool for exploring and achieving 
the highest bioactivity of the BCPC hydrolysates produced, increasing the possibilities of 
developing new ingredients from emerging proteins. 
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Diabetes mellitus type 2 is a chronic metabolic disorder characterized by the acquired inability 
to transport glucose from the bloodstream into the cells. The most effective treatment for this 
disorder is to delay the absorption of glucose by inhibiting enzymes that break glycosidic bonds. 
Despite the availability of drugs, several side effects are generated by their continuous use, 
which arouses great interest in the study of natural compounds with antidiabetic activity, such 
as the bioactive peptides. The objective of this work was to evaluate the in vitro antidiabetic 
properties of peptides obtained by enzymatic hydrolysis of black cricket protein concentrate 
(Gryllus assimilis). The protein hydrolysis process was carried out by isolated application and 
in binary/ternary combinations of the commercial enzymes FlavourzymeTM 500L, AlcalaseTM 
2.4L and NeutraseTM 0.8L, according to the assays of an experimental mixture design. The 
antidiabetic properties of the protein hydrolysates were assessed through the ability to inhibit 
α-amylase and α-glucosidase activities. The results obtained showed that most of the samples 
had their antidiabetic activity increased after enzymatic hydrolysis when compared with the 
non-hydrolyzed sample. The highest percentual of inhibition of α-amylase and α-glucosidase 
activities was 55.40% and 17.07%, respectively, detected for the protein hydrolysate produced 
with the binary mixture of FlavourzymeTM 500L and NeutraseTM 0.8L. Analysis of effects 
indicated a positive and significant synergistic effect  between FlavourzymeTM 500L and 
NeutraseTM 0.8L, resulting on the production of protein hydrolysates with strong α-amylase 
(IC50 = 1.99 mg mL
-1) and α-glucosidase (IC50 = 6.21 mg mL
-1) inhibitory activity. Finally, this 
study provided important information on the potential use of black cricket protein as a natural 
source of bioactive peptides with antidiabetic properties. 





1.  Introduction 
Diabetes mellitus (DM) is a metabolic disorder characterized by high blood glucose 
levels (Okimura et al. 2019). This disease may occur due to insufficient insulin production by 
β-cells of the pancreas (type 1 DM) or due to inability of body cells to respond properly to the 
insulin produced (type 2 DM), hindering the transport of glucose from the bloodstream into 
cells (Qiangqiang et al. 2019). The World Health Organization (WHO) (2016) estimated that, 
globally, more than 400 million adults live with diabetes, where approximately 90% of cases 
are type 2 DM (González-Montoya et al. 2018; Umpierrez et al. 2018). 
 In addition to hyperglycemia, diabetes may cause diabetic ketoacidosis or nonketotic 
hyperosmolar coma, as consequence of changes in carbohydrate, lipid, and protein metabolism. 
Without proper treatment, serious long-term complications can occur, such as the development 
of cardiovascular disease, chronic renal failure, and retinal damage, being necessary the proper 
control of the disease (Marya et al. 2018; Yu et al. 2011). 
The most common treatment for type 2 DM is the administration of hypoglycemic 
drugs, such as acarbose, miglitol, and voglibose (α-glucosidase inhibitors), metformin and 
glitazones (insulin sensitizers), glucose-dependent insulinotropic polypeptides (such as GLP-
1) and dipeptidyl peptidase IV inhibitors (DPP-IV) (glinides) (Marya et al. 2018). Despite the 
availability of synthetic drugs, several side effects are generated by continued use of those, such 
as gastrointestinal and hepatic disturbs, weight gain, peripheral edema, headache, and 
hypotension. In this way, there is a great interest in the use of natural compounds with 
antidiabetic activity, as the bioactive peptides (Wang et al. 2015). 
Bioactive peptides are defined as small protein molecules, consisting of less than 20 
amino acid residues and molecular mass less than 6 kDa, which when ingested can promote 
health benefits, presenting, e. g., anti-hypertensive, antimicrobial, antioxidant, and antidiabetic 
properties (De Castro and Sato 2015). These molecules do not display any bioactivity when 
they are linked to the intact structure of proteins, and the enzymatic hydrolysis is the main 
process applied to release these bioactives fragments (Ryder et al. 2016). 
A potential protein substrate for obtaining bioactive peptides is the edible insects.  
Edible insects are considered highly nutritious, source of protein, lipids, minerals, and vitamins, 
and their protein content present high-quality profile of essential amino acids when compared 
to vegetable and meat protein sources (Rumpold and Schlüter 2013). 
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In this sense, the objective of this work was to evaluate the potential antidiabetic 
properties of peptides obtained by enzymatic hydrolysis of black cricket (Gryllus assimilis) 
protein concentrate. The protein hydrolysis process was carried out by isolated application and 
in binary/ternary combinations of the commercial enzymes FlavourzymeTM 500L, AlcalaseTM 
2.4L and NeutraseTM 0.8L using an experimental mixture design. The antidiabetic properties 
were evaluated through the ability to inhibit α-amylase and α-glucosidase activities. 
2.  Material and Methods 
2.1.  Reagents 
The reagents azocasein, ρ-nitrophenyl α-D-glucopyranoside (ρNPG) and the enzymes 
α-glucosidase from Saccharomyces cerevisiae, FlavourzymeTM 500L from Aspergillus oryzae, 
AlcalaseTM 2.4L from Bacillus licheniformis and NeutraseTM 0.8L from Bacillus 
amyloliquefaciens were purchased from Sigma-Aldrich (Steinheim, Germany). The α-amylase 
from Bacillus licheniformis (Termamyl® 2X) was obtained from Novozymes A/S (Bagsvaerd, 
Denmark). The other reagents used were of analytical grade. 
2.2.  Protein concentrate 
The black crickets (Gryllus assimilis) were kindly donated by a producer located in the 
city of Avaré (São Paulo, Brazil). The black cricket protein was concentrated according to the 
method described by Zielińska et al. (2018), with slight modifications. The dehydrated insects 
were ground, solubilized in distilled water (1:3 w/v) and added of 0.2% sodium hydroxide 
solution (NaOH) to adjust the pH to 11. This mixture was kept under stirring for 1h and 
centrifuged at 8,000 x g for 20 min at 25°C. The supernatant was collected and their pH adjusted 
to 4.5 with 1 mol L-1 hydrochloric acid solution (HCl). The solution was centrifuged at 8,000 x 
g for 20 min at 4°C and the precipitate was collected, frozen and lyophilized (79% protein 
content). 
2.3.  Enzymatic activity of the proteases 
The method described by Charney and Tomarelli (1947) with slight modifications was 
used for determination of the enzymatic activity of the proteases. An aliquot of 0.25 mL of 1% 
azocasein, 0.25 mL of 0.1 mol L-1 phosphate buffer (pH 7) and 0.5 mL of enzyme solution was 
incubated for 40 minutes at 50°C. The reaction was stopped by addition of an aliquot of 0.5 mL 
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10% trichloroacetic acid (TCA). The blank was performed using the same reaction mixture, but 
with the addition of 10 % TCA before the enzyme solution. 
The solution was centrifuged at 8,000 x g for 15 min at 25°C, and 1 mL of the 
supernatant was collected and added to 1 mL of 5 mol L-1 potassium hydroxide (KOH). The 
absorbance was measured at 428 nm and the amount of enzyme required to produce a difference 
of 0.01 absorbance between the blank and the sample under the assay conditions per minute of 
the reaction was defined as one unit of protease activity (U). 
2.4.  Enzymatic hydrolysis and obtaining of the protein hydrolysates 
 The proteases FlavourzymeTM 500L, AlcalaseTM 2.4L, and NeutraseTM 0.8L were used 
on the production of hydrolysates of black cricket protein, according to the assays preconized 
in an experimental mixture design. Solutions containing 5 g of protein concentrate in 50 mL of 
100 mmol L-1 sodium phosphate buffer (pH 7) were prepared and 100 U of proteases were 
added for each mL of the reaction mixture. The hydrolysis occurred by the incubation of these 
solutions at 50°C under stirring at 100 rpm for 2h, with subsequent proteases inactivation by 
heat-treatment at 100°C for 20 min. The samples were centrifuged at 8,000 x g for 20 min at 
5°C and the supernatants were collected, frozen, lyophilized and stored for further analyses. 
The experimental design included ten hydrolysis assays performed with the components 
evaluated in 6 levels: 0 (0%), 1/6 (16.67%), 1/3 (33%), 1/2 (50%), 2/3 (66.67%) and 1 (100%) 
(Table 1). All hydrolyzed samples were analyzed comparatively with the non-hydrolyzed 
protein. 
 Linear, quadratic or cubic equations were used to define models for each studied 
variable, as shown below: 









 On the equation, the response estimated by the model corresponds to “𝑌𝑖”;  𝑞 is the 
number of components in the system; the coded independent variables are represented by 
𝑋𝑖, 𝑋𝑗, 𝑋𝑘; 𝛽𝑖 is the regression coefficient for each linear effect term; 𝛽𝑖𝑗 is the binary 
interaction effect term and 𝛽𝑖𝑗𝑘 is the ternary interaction effect term. The coefficient of multiple 
correlation (R2) and analysis of variance-ANOVA were performed to verify the adequacy of 
the proposed models to the real points. 
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Three additional experiments were performed under the most adequate condition 
determined in the mixture design to confirm the validity of the models. The experimental values 
obtained in validation tests were compared with the predicted values at 95% confidence 
interval. 
2.5.  Determination of antidiabetic properties 
2.5.1.  α-amylase inhibitory activity 
The inhibition of α-amylase activity (α-amylase from Bacillus licheniformis) was 
measured according to the method described by Apostolidis et al. (2007), with slight 
modifications. Aliquots of 0.5 mL containing 50 mmol L-1 phosphate buffer (pH 7), α-amylase 
enzymatic solution and samples (5 mg mL-1) were prepared and kept at rest for 30 min. To each 
reaction tube was added 0.5 mL of starch solution (0.5% w/v) that was incubated at 70ºC in the 
thermostatic bath for 30 min. The reaction was stopped by the addition of 1 mL of 3,5-
Dinitrosalicylic acid (DNS), followed by incubation in a boiling bath for 5 min. The tubes were 
cooled, added with 8.0 mL of distilled water and the absorbance measured at 540 nm on the 
spectrophotometer (Multiskan GO, Thermo Fisher Scientific, Finland). The control consisted 
of reaction without the addition of samples (protein hydrolysates); and the reaction blank was 
the mixture of the DNS reagent to the substrate, in the absence of sample and enzyme extract. 
Enzyme activity was measured as a function of the quantification of total reducing 
sugars, based on a glucose calibration curve. One unit of enzymatic activity will be defined as 
the amount of reducing sugars released (mg mL-1) per minute reaction between the sample and 
the reaction blank. α-amylase inhibitory activity (%) was calculated according to the following 
formula: 
Inhibition (%)= [
Enzymatic activity (control) – Enzymatic activity in the sample presence
Enzymatic activity (control)
] x100 
2.5.2.  α-glucosidase inhibitory activity  
The inhibition of α-glucosidase activity was evaluated according to the method 
described by Apostolidis et al. (2007), with slight modifications. The samples were diluted in a 
100 mmol L-1 phosphate buffer solution (pH 6.9) (2.5 mg mL-1) and aliquots of 50 μL were 
added of 100 μL of enzymatic solution (α-glucosidase from Saccharomyces cerevisiae) (0.1 U 
mL-1), followed by incubation at 25 °C for 10 min. 
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Aliquots of 50 μL of 5 mmol L-1 substrate ρNPG were added to the reaction mixtures 
and kept at 37ºC for 5 min. The absorbance was measured at 405 nm in a microplate reader 
(Multiskan GO, Thermo Fisher Scientific, Finland). All the assays were compared with the 
control reaction, which was prepared by addition of 50 μL of buffer solution in place of the 
samples. The results were expressed as percentual of inhibition as follows: 
Inhibition (%)= [
Absorbance control – Absorbance sample 
Absorbance control
] x100 
2.6.  Effect of the hydrolysate’s concentration on their antidiabetic properties 
 The protein hydrolysate with higher antidiabetic properties was tested at various protein 
concentrations (1.25 – 7.5 mg mL-1), and the concentration of the sample necessary to inhibit 
50% of the activities of enzymes (IC50) was measured. The analyses were performed as 
described in the section 2.5. 
2.7.  Statistical analysis 
The experimental design data were analyzed and the statistical models were generated 
using Statistica®13 software from TIBCO Software Inc. (Palo Alto, California, USA). The 
results were expressed as arithmetic mean (n = 3) and compared by one-way ANOVA with 
posthoc Tukey test, using Minitab®18 software from Minitab Inc. (USA). The results were 
considered statistically different when p-values were less than 0.05. 
The Pearson correlation coefficient was performed using the software Minitab® 18 to 
measure the strength of the linear dependence between different responses. The correlation 
coefficient ranges from - 1 to 1. The correlations between the analyzed responses were 
considered significant when p-value ≤ 0.05. 
3.  Results and discussion 
3.1.  Antidiabetic properties of the protein hydrolysates from black cricket 
 After hydrolysis, it was possible to verify an increase in the potential antidiabetic 
activity of the samples. The higher percentual of inhibition was detected in the run 5, in which 
the sample hydrolyzed by the combined use of the proteases FlavourzymeTM 500L and 
NeutraseTM 0.8L, in equal proportions, was able to reduce 55.40% and 17.07% of α-amylase 
and α-glucosidase activities, respectively (Table 1). 
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Similar results were observed on the hydrolysate obtained by the ternary combination 
of the proteases (2/3 of FlavourzymeTM 500L, 1/6 of AlcalaseTM 2.4L and 1/6 of NeutraseTM 
0.8L) (run 7). All the treatments promoted increases in antidiabetic properties of black protein 
cricket, except the run 3, in which the isolated use of NeutraseTM 0.8L boosted the enzymatic 
activity of α-amylase. 
Table 1. Antidiabetic properties of the black cricket protein hydrolysates obtained by enzymatic 
hydrolysis using the statistical mixture design and different proteases. 
Mixture design Antidiabetic activity 
Run 
Independent variables α-amylase inhibitory 
activity (%) 
α-glucosidase inhibitory 
activity (%) x1 x2 x3 
Control - - - 2.14 ± 1.02e 2.48 ± 1.33g 
1 1 0 0 51.17 ± 1.54a 10.14 ± 0.29d, e 
2 0 1 0 22.78 ± 1.16d 5.14 ± 0.18f. g 
3 0 0 1 -38.65 ± 7.36f 7.31 ± 0.41e. f 
4 1/2 1/2 0 47.79 ± 0.37a, b 13.12 ± 0.91b, c 
5 1/2 0 1/2 55.40 ± 2.93a 17.07 ± 1.32a 
6 0 1/2 1/2 18.09 ± 1.79d 14.30 ± 0.65a, b 
7 2/3 1/6 1/6 51.19 ± 1.08a 15.58 ± 0.90a, b 
8 1/6 2/3 1/6 36.39 ± 2.79c 10.24 ± 1.19d, e 
9 1/6 1/6 2/3 25.51 ± 0.58c, d 10.58 ± 0.62c, d 
10 1/3 1/3 1/3 37.46 ± 1.25b, c 10.85 ± 1.35c, d 
a, b, c... Results are presented as the mean (n = 3) ± SD, and those with different letters are significantly different, with 
p < 0.05. Tukey tests were applied between the runs for each response. x1: Flavourzyme




 In a study of Yoon et al. (2019), the edible insects mealworm (Tenebrio molitor), cricket 
(Gryllus bimaculatus), and silkworm pupae (Bombyx mori) were hydrolyzed and evaluated for 
their ability to inhibit α-glucosidase activity. As in the present work, the non-hydrolysate 
samples present the lowest inhibition capacity. The highest bioactivities were found on samples 




3.2.  Analysis of variance, contour plots and validation 
 The relationship between the proteases (independent variables) on the hydrolysis and 
the responses for the activity of inhibition of enzymes (dependents variables) was evaluated on 
the statistical analyses. For α-amylase inhibitory activity, it was obtained a quadratic 
mathematic model (Table 2) that was able to explain 97% of the variation of these results under 
the assay conditions. A special cubic model was obtained for α-glucosidase inhibition, that 
explained 92% of variation of the results obtained in the experimental design. The coefficient 
related to the ternary interaction between the proteases presented a negative value, representing 
an antagonist effect on generation of protein hydrolysates with α-glucosidase inhibitory 
activity. For both models, the coefficients evidenced that the highest synergistic and significant 
(p-value ≤ 0.10) effect was detected for the interaction between FlavourzymeTM 500L and 
NeutraseTM 0.8L, that resulted in hydrolysates with highlighted α-amylase and α-glucosidase 
inhibitory activities. All values of F-calculated were higher than the F-tabulated, for p-value < 
0.10, confirming the statistical validity of the proposed models. 
Table 2. Analysis of variance (ANOVA), including models, R2 and probability values for the 
final reduced models for the potential antidiabetic activities of the protein hydrolysates from 
black cricket. 
 
 From the significant parameters of the models, it was possible to generate the contour 
plots (Figure 1), allowing the visualization of the synergistic and antagonistic effects between 
the proteases. 
Response: α-amylase inhibitory activity 
Source of  
variation 




Regression 6,671.36 4 1,667.84 40.39/3.52 0.97 < 0.001 
Residual 206.42 5 41.28    
Total 6,877.78      
Quadratic model: 52.42x1+25.97x2-36.11x3+180.25x1x3+91.66x2x3 
Response: α-glucosidase inhibitory activity 
Source of  
variation 




Regression 112.11 6 18.69 6.48/5.28 0.92 0.077 
Residual 8.65 3 2.88    
Total 120.76      
Special cubic model: 10.84x1+5.09x2+6.80x3+23.24x1x2+33.73x1x3+31.18x2x3-165.15x1x2x3 
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The angles of the triangles represent the isolated use of each protease, and evidenced 
the unviability of the individual use of NeutraseTM 0.8L on the generation of hydrolysates with 
antidiabetic activity.The midpoints on the sides refer to the binary combinations of proteases, 
in which was possible to observe that the highest α-amylase and α-glucosidase inhibitions were 
reached when the protein hydrolysates were produced using the binary mixture of 
FlavourzymeTM 500L and NeutraseTM 0.8L. For α-amylase activity, the contour plots showed 
that a higher proportion of FlavourzymeTM 500L in the enzyme mixture allowed a production 
of hydrolysates with higher inhibition activity. Finally, the central points refer to the ternary 
mixtures of proteases and for the evaluated responses did not present positive effects. 
 
Figure 1. Mixture-contour plots for potential antidiabetic activities evaluated by the methods: 
α-amylase inhibitory activity (A) and α-glucosidase inhibitory activity (B) of the protein 
hydrolysates from black cricket using a statistical mixture design. 
According to Esfandi et al. (2019), the proteases present different specificities, being 
able to produce peptides with different sizes, sequences and biological properties. 
FlavourzymeTM 500L from A. oryzae consist of a commercial peptidase preparation, containing 
both endo- and exopeptidase activities (Waglay and Karboune 2016). In a study by Merz et al. 
(2015), this enzyme was purified and characterized, being identified two aminopeptidases, two 
dipeptidyl peptidases, three endopeptidases, and one α-amylase. 
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Differently of FlavourzymeTM 500L, AlcalaseTM 2.4L is classified only as an 
endopeptidase, specifically a serine protease with preferential cleavage for bonds after aromatic 
amino acids (Esfandi et al. 2019; Yoon et al. 2019). This enzyme could hydrolyze peptide bonds 
of protein structures, releasing polypeptide fragments and smaller peptides (Ghribi et al. 2015). 
Due to the broad specificity, AlcalaseTM 2.4L has been used extensively on the production of 
hydrolysates with bioactive properties (Voss et al. 2019). 
 The enzyme NeutraseTM 0.8L is a neutral, zinc metallo endoprotease that, similarly to 
AlcalaseTM 2.4L, randomly hydrolyses peptide bonds from non-terminal amino acids (Hong et 
al. 2019). When individually applied, this enzyme has been reported as responsible by 
production of hydrolysates with low bioactivities (Aguilar et al. 2019), which was also observed 
on the contour plots of the present study. 
 Although the NeutraseTM 0.8L promotes a lower increase in the inhibition of α-amylase 
and α-glucosidase activities, the opposite was reached by combined use with FlavourzymeTM 
500L, which are correlated to the characteristics of these proteases described above. In this 
sense, the synergistic effect could be associated with the action of NeutraseTM 0.8L while an 
endoprotease on the increase of the number of N-terminal sites available for the FlavourzymeTM 
500L exopeptidases (Nchienzia et al. 2010). 
By analyzing the results, it was found that the most adequate condition for enzymatic 
hydrolysis of the black cricket protein concentrate is through the combined use of 
FlavourzymeTM 500L and NeutraseTM 0.8L proteases since the use of these enzymes promoted 
the greatest positive effect on their antidiabetic properties. Thus, for the validation of the 
models, the hydrolysis process (run 5) was repeated in triplicate, being evaluated their inhibition 
activities. The values obtained experimentally were in agreement with the values predicted by 




Table 3. Validation tests performed to determine the adequacy of the models obtained for 
potential antidiabetic activities of the protein hydrolysates from black cricket. 
Responses (%) 





x1 x2 x3 
α-amylase inhibitory 
activity 
1/2 0 1/2 53.22a 48.07 ± 7.25a -9.68 
α-glucosidase inhibitory 
activity 
1/2 0 1/2 17.25b 17.74 ± 1.30b 2.84 
x1: Flavourzyme ; x2: Alcalase; x3: Neutrase represents the coded values for independent variables. 
2 Results are 
presented as the mean (n = 3) ± SD and those with different letters are significantly different on the same line (p < 
0.05). 3RSD (%) = relative standard deviation. 
3.3. Effect of the sample concentration on the antidiabetic properties 
Based on the results obtained for α-amylase and α-glucosidase inhibition capacity, the 
run 5 was selected to verify the effect of the sample concentration on the antidiabetic properties 
of the black cricket protein hydrolysates. The correlation between the concentration of 
hydrolysate and the percentual of inhibition of enzyme activities was tested and indicated that 
there was a linear and positive correlation between these factors (Pearson coefficient of 0.99 
and p-value < 0.001) (Figure 2). The evaluation of the concentration effect allowed the 
determination of the concentration of black cricket protein hydrolysate required to inhibit 50% 
of the enzyme activities. Thus, the sample hydrolyzed with FlavourzymeTM 500L and 
NeutraseTM 0.8L, in equal proportions, presented IC50 of 1.99 mg mL
-1 and 6.21 mg mL-1 for 
α-amylase and α- glucosidase inhibitory activity, respectively. 
Figure 2. Effect of black cricket protein hydrolysate concentration (run 5) on antidiabetic 
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Ramadhan et al. (2017) evaluated hydrolysates of Chinese giant salamander (Andrias 
davidianus) generated with trypsin and found peptides with similar bioactivities to those 
observed in our study. After purification, the peptide Leu-Gly-Gly-Gly-Asn was recognized as 
the sequence with higher α-amylase inhibitory activity, presenting IC50 of 2.86 mg mL
-1. Wang 
et al. (2019), studied the antidiabetic properties of peptides obtained by hydrolysis of soy 
protein using alkaline protease, papain, and trypsin. The sample hydrolyzed with alkaline 
protease presented the highest percentual of α-glucosidase inhibition (IC50 of 4.94 mg mL
-1). 
 Salivary and pancreatic α-amylase act cleaving α-1,4 glycosidic bonds of substrates, 
such as starch, releasing maltose and other oligosaccharides (González-Montoya et al. 2018). 
Similarly, α-glucosidase, a membrane-bound enzyme located in the epithelium of the small 
intestine, acts breaking disaccharides into glucose (Wang et al. 2019). The inhibition of these 
enzymes promotes a reduction of glucose in the blood after food intake, hence, the capacity of 
peptides to inhibit these enzymes indicates a potential antidiabetic activity. The mechanism of 
inhibition is little understood, but some studies showed that inhibitory activity is due to multiple 
and reversible interactions of peptides with enzymes (Zhang et al. 2016). 
4.  Conclusions 
 This study aimed to verify that the enzymatic hydrolysis of black cricket protein 
promoted an increase in α-amylase and α-glucosidase inhibitory activities, in which the 
commercial enzymes and their specificities had great influence on these results. The highest 
increase in the antidiabetic properties was obtained in the sample hydrolyzed by the binary 
combination of the proteases FlavourzymeTM 500L and NeutraseTM 0.8L, reaching α-amylase 
and α-glucosidase inhibitory activities of 55% and 17%, respectively. The IC50 values obtained 
for in vitro antidiabetic properties were low that makes the peptides obtained from black cricket 
protein hydrolysates, potential substituents of synthetic drugs on the treatment of diabetes. 
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Hypertension is a chronic disease characterized by insufficient relaxation of blood vessels and 
reduced blood flow. In human body, the blood pressure is mainly regulated by renin-angiotensin 
system.  Disorders in this system can lead to increase the angiotensin-converting enzyme (ACE) 
activity, promoting increasing in blood pressure. This disturbance can be controlled by 
administration of synthetic drugs or natural ACE inhibitors, as the bioactive peptides. Thus, the 
objective of this work was to evaluate the antihypertensive properties of peptides obtained from 
black cricket (Gryllus assimilis) protein hydrolysates. The protein hydrolysis was carried out 
by action of the commercial proteases FlavourzymeTM 500L, AlcalaseTM 2.4L and NeutraseTM 
0.8L, according to the assays of an experimental mixture design. The antihypertensive property 
was evaluated in the function of the ability to inhibit the ACE activity. The results obtained 
showed that all the samples showed ACE inhibitory activity, except the non-hydrolyzed protein. 
The lower inhibitory activity was 13.28%, detected for the protein hydrolysate produced by the 
use of FlavourzymeTM 500L and the highest value was 50.84%, for the sample produced by the 
use of a binary combination of FlavourzymeTM 500L and AlcalaseTM 2.4L. The TCA soluble 
protein content, and indicative of the degree of hydrolysis, increased after the enzymatic 
treatments, ranging from 21.64 to 48.45%. Finally, the Tricin-SDS-PAGE demonstrated that 
significant changes occurred on the protein profile of the black cricket protein after hydrolysis, 
being possible to observe a higher concentration of proteins with MW less than 6.5 kDa. 




1.  Introduction 
Hypertension is a chronic disease characterized by persistently raised blood pressure 
(systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥ 90 mmHg) due to 
insufficient relaxation of blood vessels (Yathisha, Bhat, Karunasagar, & Mamatha, 2019). It is 
a worldwide public health problem, affecting approximately 30% of the adult population in 
most countries (Balti et al., 2015), being recognized as one of the leading risk factors for global 
mortality (World Health Organization (WHO), 2014). 
In the human body, blood pressure is mainly regulated by the Renin-Angiotensin System 
(RAS). The protease renin (EC 3.4.23.15) act hydrolyzing the angiotensinogen (a protein 
synthesized in the liver) to produce angiotensin-I, a physiologically inactive decapeptide. Then, 
the Angiotensin Converting Enzyme (ACE) catalyzes the conversion of the angiotensin-I to the 
vasoactive octapeptide angiotensin-II, which binds to receptors on the vascular wall to cause 
blood vessel contractions. ACE also cleaves and inactivates the bradykinin, a vasodilator 
peptide into inactive fragments, making it difficult for blood vessels to relax (Aluko, 2015; 
Rizzello et al., 2016). 
Under normal conditions, angiotensin-II acts to maintain blood pressure at appropriate 
levels, but disorders in the RAS may lead to increased renin and ACE activity, leading to a 
hypertension condition. Hence, one way to promote blood pressure reduction is through ACE 
inhibition, which is considered one of the mainline of therapy to treat hypertension (Admassu, 
Gasmalla, Yang, & Zhao, 2018). 
Synthetic ACE inhibitors such as the Captopril, Enalapril, Alacepril, and Lisinopril are 
the most widely prescribed drugs to treat hypertension (Abdelhedi & Nasri, 2019). However, 
when taken regularly these pharmaceuticals can cause several adverse effects such as cough, 
hyperkalemia (high blood potassium levels), taste disturbance, sleep apnea, erectile dysfunction 
and angioedema (Ciau-solís, Acevedo-Fernández, & Betancur-Ancona, 2017). In this sense, 
there has been a growing interest in production and isolation of natural antihypertensive agents 
such as ACE inhibitory peptides (Abdelhedi & Nasri, 2019; Cheung, Ng, & Wong, 2015). 
 Bioactive peptides are protein fractions with a well-defined amino acid sequence and 
molecular mass below 6 kDa obtained from different hydrolyzed proteins. A potential substrate 
for obtaining peptides with ACE inhibiting activity are edible insects, because they have a high 
concentration of proteins and essential amino acids (Hall & Liceaga, 2020; Nongonierma, 
Lamoureux, & Fitzgerald, 2018). 
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Additionally to making it possible to obtain compounds of interest, modifying insect 
proteins facilitates their use as ingredients, improving the acceptance of this alternative protein 
source (Nongonierma & FitzGerald, 2017). 
Thus, the objective of this research was to evaluate the potential antihypertensive 
activity of peptides obtained from black cricket (Gryllus assimilis) protein hydrolysates. The 
protein hydrolysis was carried out by application of commercial proteases singly and in 
binary/ternary combinations, according to the assays of an experimental mixture design, in 
order to verify the presence of synergistic or antagonistic effects between the enzymes on 
generation of peptides with ability in to inhibit the ACE activity. Additionally, determinations 
of TCA-soluble protein content of the hydrolysates and Tricin-SDS-PAGE were performed. 
2.  Material and methods 
2.1.  Reagents 
The reagent hippuryl-histidyl-leucine, angiotensin converting enzyme (ACE) from 
rabbit lung, FlavourzymeTM 500L from Aspergillus oryzae, AlcalaseTM 2.4L from Bacillus 
licheniformis and NeutraseTM 0.8L from Bacillus amyloliquefaciens were purchased from 
Sigma-Aldrich (Steinheim, Germany). The molecular weight markers ranging from 1.4 to 26.6 
kDa and from 14.4 kDa to 94 kDa were purchased from Bio-Rad Laboratories Inc (USA) and 
Pharmacia® (Uppsala, Sweden), respectively. The other reagents used were of analytical grade.   
2.2.  Substrate and obtaining the black cricket protein concentrate 
Dehydrated black crickets (Gryllus assimilis) was kindly donated by the company Agrin 
– Criação e Comércio de Insetos located in the city of Avaré (São Paulo, Brazil). The insects 
were ground and a protein concentrate was obtained by isoelectric precipitation, as described 
by Zielińska, Karaś, & Baraniak (2018). The black cricket flour was suspended in distilled 
water (1:3 w/v), adjusted to pH 11 using a 0.2% sodium hydroxide (NaOH) solution and kept 
under stirring for 1h. After centrifugation at 8,000 x g for 20 min the supernatant had its pH 
adjusted to 4.5 using 1 mol L-1 hydrochloric acid (HCl) solution. The solution was centrifuged 
at 8,000 x g for 20 min and the precipitate was collected, frozen, lyophilized and stored at -
20°C. The lyophilized material was used as substrate for enzymatic hydrolysis assays and to 




2.3.  Proteases and determination of enzymatic activity  
The proteases FlavourzymeTM 500L from Aspergillus oryzae (6,000 U mL-1), 
AlcalaseTM 2.4L from Bacillus licheniformis (18,000 U mL-1) and NeutraseTM 0.8L from 
Bacillus amyloliquefaciens (200,000 U mL-1) were purchased from Sigma-Aldrich (Steinheim, 
Germany). Their enzyme activities were previously measured by the method described by 
Charney & Tomarelli (1947) using azocasein as the substrate and trichloroacetic acid (TCA) as 
the precipitating agent. The blank was performed using the same reaction mixture, but with the 
addition of TCA before the enzyme solution. A unit of proteolytic activity was defined as the 
amount of enzyme that produces a 0.01 absorbance difference per minute reaction between the 
reaction blank and the sample under the test conditions. 
2.4.  Black cricket protein hydrolysates 
 For hydrolysis, the black cricket protein concentrate was solubilized in 100 mmol L-1 
sodium phosphate buffer (pH 7) at the concentration of 100 mg mL-1 and the proteases were 
added (100 U mL-1). The solution was incubated at 50°C under stirring at 100 rpm for 2h. The 
enzymes were inactivated after hydrolysis by heating at 100°C for 20 min. The resulted solution 
was centrifuged at 8,000 x g for 20 min at 5°C and the supernatant was collected, lyophilized 
and stored at -20°C. The experimental design was constituted by ten treatments performed with 
the components evaluated in 6 levels: 0 (0%), 1/6 (16.67%), 1/3 (33%), 1/2 (50%), 2/3 (66.67%) 
and 1 (100%) (Table 1). All hydrolysates were analyzed comparatively with the non-
hydrolyzed protein. 
Table 1. Matrix of experimental design of mixtures for enzymatic hydrolysis of black cricket 
protein concentrate using different protease preparations and study of the antihypertensive 
property of the hydrolysates. 
Enzyme mixture 
Proteases 
FlavourzymeTM 500L AlcalaseTM 2.4L NeutraseTM 0.8L 
1 1 0 0 
2 0 1 0 
3 0 0 1 
4 1/2 1/2 0 
5 1/2 0 1/2 
6 0 1/2 1/2 
7 2/3 1/6 1/6 
8 1/6 2/3 1/6 
9 1/6 1/6 2/3 
10 1/3 1/3 1/3 
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 Linear, quadratic or cubic equations were used to define models for each studied 
variable, as shown below: 









 On the equation, 𝑌𝑖 corresponds to the estimated response by the model;  𝑞 refers to the 
number of the system components; 𝑋𝑖, 𝑋𝑗, 𝑋𝑘  represent the coded independent variables; 𝛽𝑖 
correspond to the regression coefficient for each linear effect term; 𝛽𝑖𝑗 to the binary interaction 
effect term and 𝛽𝑖𝑗𝑘 to the ternary interaction effect term. The coefficient of multiple 
correlation (R2) and analysis of variance-ANOVA were performed to verify the adequacy of 
the proposed models to the real points. For validation, the most adequate conditions selected 
for obtaining peptides with the highest ACE inhibitory activity was repeated in triplicate, and 
the experimental and predicted values were compared at 95% confidence interval. 
2.5.  Angiotensin converting enzyme (ACE) inhibition by black cricket protein 
hydrolysates 
 The determination of the antihypertensive activity of the black cricket protein 
hydrolysates was measured by the method described by Siow & Gan (2013), with slight 
modifications. Aliquots of 50 µL of samples (0.5 mg mL-1) were added to a 50 µL enzymatic 
solution (10 mU mL-1) of ACE previously diluted in borate buffer containing 0.3 M NaCl, pH 
8.3. The mixtures were incubated at 37°C for 10 min and added of 150 µL of 4.15 mmol L-1 
hippuryl-histidyl-leucine solution (also prepared in borate buffer). After 30 min at 37°C the 
reaction was stopped by adding 500 µL of 1 mol L-1 HCl. Aliquots of 1.5 mL of ethyl acetate 
were added to each tube, vortex for 1 min and stood for 5 min, for extraction of hippuric acid. 
Then, 800 μL of the supernatants were transferred for new tubes and heated at 80°C until 
complete evaporation of the solvent. An aliquot of 1 mL of distilled water was added to each 
test tube and the determination of hippuric acid concentration was measured on the 
spectrophotometer Multiskan GO (Thermo Fisher Scientific, Finland) at 228 nm. The control 
reaction was prepared by replacing the sample by distilled water. The ACE inhibitory activity 
(%) was calculated formulas follows: 
ACE Inhibition (%)= [





2.6.  TCA soluble protein content 
 The percentual of proteins soluble in trichloroacetic acid (TCA) was measured 
according to the method described by Peričin et al. (2009), with slight modifications. Each test 
tube was added of 1 mL of the hydrolysate solution and 1 mL of 0.44 mol L-1 TCA. These 
mixtures were incubated for 30 min at 25°C and centrifuged at 17000 x g for 15 min.  The 
concentration of the TCA soluble product in the supernatant was measured according to 
modified Lowry’s method, as described by Hartree (1972). The TCA soluble protein content 
was calculated as the ratio between protein content in the samples treated with TCA and the 
total protein content in the supernatant of the non-hydrolyzed sample. The final results were 
expressed as percentage.  
2.7.  Electrophoretic profile of peptides 
The molecular weight of the peptides present in the hydrolysates was analyzed by 
Tricine-sodium dodecyl sulfate-polyacrylamide gel (Tricin-SDS-PAGE), according to the 
method described by Schägger & Von Jagow (1987). The samples (1 mg mL-1) were dissolved 
in reducing buffer and heated for 15 minutes at 37°C. Then, 10 µL of these solutions were 
added to the polyacrylamide gel (10% w/v). Molecular weight markers with peptides/proteins 
ranging from 1.4 to 26.6 kDa (Bio-rad, USA) and from 14.4 kDa to 94 kDa (Pharmacia®, 
Uppsala, Sweden) were applied to the gel. For the run, Tris-tricine buffer (pH 8.25) was used 
and the voltage was gradually increased from 30 to 60 V. The peptides were stained in 
Coomassie blue solution (0.1% w/v) for 12 h and the gel was bleached with water over 
microwave heating.  
2.8.  Statistical analysis 
Statistica®13 software from TIBCO Software Inc. (Palo Alto, California, USA) were 
utilized to analyze the experimental design data and to generate the contour plots. The results 
were expressed as arithmetic mean, being these values compared by one-way ANOVA with 
posthoc Tukey test, using Minitab®18 software from Minitab Inc. (USA). The results were 
considered statistically different when p-values were less than 0.05. 
The Pearson correlation coefficient was performed using the software Minitab® 18 from 
Minitab Inc. (USA) to measure the strength of the linear dependence between different 
responses. The correlation coefficient ranges from - 1 to 1. The correlations between the 
analyzed responses were considered significant when p-value ≤ 0.05. 
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3.  Results and discussion 
3.1.  ACE inhibitory activity of the black cricket protein hydrolysates 
 All the hydrolysates showed potential antihypertensive activity. The lowest ACE 
inhibitory activity was 13.28%, detected for the protein hydrolysate produced by the singly use 
of FlavourzymeTM 500L (assay 1) and the highest value was 50.84%, for the sample produced 
using the binary combination of Flavourzyme TM 500L and Alcalase TM 2.4L in equal 
proportions (assay 4) (Table 2). ACE inhibitory activity was not detected for the control (non-
hydrolyzed sample). 
Table 2. ACE inhibitory activity and TCA soluble protein of the protein hydrolysates from 




ACE inhibition (%) TCA soluble protein (%) 
x1 x2 x3 
Control - - - Not detected 21.64 ± 0.19e 
1 1 0 0 13.28 ± 0.11c 22.91 ± 1.77e 
2 0 1 0 21.70 ± 3.17c 43.33 ± 2.49b 
3 0 0 1 24.50 ± 2.94c 40.06 ± 1.51b, c 
4 1/2 1/2 0 50.84 ± 3.38a 28.77 ± 0.84d 
5 1/2 0 1/2 37.66 ± 5.64b 30.39 ± 1.50d 
6 0 1/2 1/2 39.55 ± 0.58b 48.45 ± 1.95a 
7 2/3 1/6 1/6 39.83 ± 3.91b 29.61 ± 1.44d 
8 1/6 2/3 1/6 37.42 ± 2.33b 37.30 ± 1.84c 
9 1/6 1/6 2/3 44.48 ± 1.16a, b 28.83 ± 0.74d 
10 1/3 1/3 1/3 44.19 ± 4.52a, b 24.94 ± 0.86e 
a, b, c... Results are presented as the mean (n = 3) ± SD, and those with different letters are significantly different, with p ≤ 
0.05. Tukey tests were applied between the runs for each response. x1: Flavourzyme ; x2: Alcalase; x3: Neutrase. 
 Similar results were obtained for silkworm pupa (Bombyx mori) protein hydrolyzed with 
gastrointestinal endopeptidases, in which the fraction of molecular weigh less than 5 kDa 
presented strongest ACE inhibitory activity and had an IC50 value of 0.59 mg mL
-1 (Wu, Jia, 
Yan, Du, & Gui, 2015). After purification, the peptide Ala-Ser-Leu was identified and 
characterized as a competitive ACE inhibitor. The molecular docking studies indicated that this 
peptide formed hydrogen bonds with ACE residues Lys453, Asp415, His383, Val380, Val379 
Ala354, His353 and Gln281.  
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 In a study by Mirzaei, Mirdamadi, Safavi, & Hadizadeh (2019), four peptides analogs 
to an ACE inhibitory peptide derived from Saccharomyces cerevisiae protein hydrolysate (Tyr-
Gly-Lys-Pro-Val-Ala-Val-Pro-Ala-Arg) were synthesized, in order to study the molecular 
mechanisms for the interaction between peptides and ACE. Unlike the work previously 
mentioned, the authors observed that there was formation of hydrogen bonds with Glu162 in 
the docking of the peptides at the ACE active site, not involving important amino acids of the 
active site, suggesting a non-competitive inhibitory activity of the peptides. 
 Peptides with ACE inhibitory activity also was obtained of cuttlefish (Sepia officinalis) 
muscle protein hydrolysates. The hydrolysis of the cuttlefish muscle was made by action of 
crude enzymes from Bacillus mojavensis and cuttlefish hepatopancreas, at a 3:1 (U/mg) 
enzyme/protein ratio. The hydrolysates were fractionated by gel filtration column and the most 
active fraction was purified by reversed-phase liquid-chromatography. After purification, the 
sequence Val-Glu-Leu-Tyr-Pro presented the highest inhibitory activity, and the Lineweaver–
Burk plots suggested that this peptide acts as a non-competitive inhibitor (Balti et al., 2015). 
According to the literature, the presence of hydrophobic aliphatic and aromatic amino acids in 
the peptides, as well as hydrophobic amino acids at the carboxy-terminal end, may increase the 
ACE inhibitory activity (Aslam et al., 2019; Wu et al., 2015). 
3.2.  TCA soluble protein of the black cricket protein hydrolysates 
 After hydrolysis, there was an increase in the percentual of TCA soluble proteins of all 
assays. The highest change was detected in the black cricket protein hydrolyzed by the 
combined use of Alcalase TM 2.4L and Neutrase TM 0.8L (assay 6), with an increase of 26.81% 
on the TCA soluble proteins content when compared with the non-hydrolyzed sample (control). 
For the assay in which only Flavourzyme TM 500L was applied (assay 1), the increase in the 
TCA soluble proteins did not differ significantly (p-value ≤ 0.05) from the control, as well as 
test 10, in which the protein hydrolysate was produced by the combined action of the three 
enzymes in equal proportions (Table 2). 
 The TCA soluble protein content is an indirect indicator of the degree of hydrolysis, due 
to the capacity of the TCA to precipitate intact proteins, while peptides of fewer than 10 amino 
acids and free amino acids are maintained in suspension (Ketnawa & Ogawa, 2019; 
Tkaczewska et al., 2020). Consequently, the results indicated that the different enzymatic 




There was not a significant correlation between the ACE inhibitory activity and the TCA 
soluble protein content (Pearson correlation = -0,132; p-value = 0.715). 
3.3.  Analysis of variance, contour plots and validation of the models 
 From the statistical analysis of experimental data was possible generate a quadratic 
model to predict the ACE inhibitory activity in function of the proteases applied. The analysis 
of variance (ANOVA) showed that 94% of the total variation of ACE inhibitory activity could 
be explained by the proposed mathematical model. The value of F-calculated was higher than 
the F-tabulated, with p-value less than 0.02 (Table 3). It was not possible to generate a 
mathematical model from the TCA soluble protein content (R2 = 0.65). 
Table 3.  Analysis of variance (ANOVA), including models, R2 and probability values for the 
final reduced models for the potencial antihypertensive activity of the protein hydrolysates from 
black cricket. 
Response: ACE inhibitory activity 








Fcalculated/Ftabulated R2 p-value 
Regression 1,171.13 5 234.23 13.64/4.05 0.94 0.013 
Residual 68.68 4 17.17    
Total 1,239.81      
Quadratic model: 13.78x1+20.60x2+26.27x3+121.72x1x2+69.13x1x3+56.66x2x3 
 The regression coefficients of the model that represent the binary interactions were 
higher than the coefficients of the linear terms, evidencing the synergistic effect between the 
proteases on the generation of peptides with high potential antihypertensive activity and 
consequently, the advantage of the combined application of these proteases instead of the 
isolated use. This synergistic effect could be easily visualized on the contour plot generated by 
using significant parameters of the model (Figure 1). 
 Considering the experimental data and the statistical analysis, the hydrolysis of the black 
cricket protein concentrated using a binary combination of Flavourzyme TM 500L and Alcalase 
TM 2.4L was recognized as the best condition tested to obtain peptides with antihypertensive 
properties.  The hydrolysis (assay 5) was repeated in triplicate and the hydrolysate obtained was 
as assessed to its ACE inhibitory activity. The experimental values and the predicted response 





Figure 1. Mixture-contour plot for ACE inhibitory activity of the protein hydrolysates from 
black cricket using a statistical mixture design in function of the significant effects of the 
proteases. 
Table 4. Validation tests performed to determine the adequacy of the models obtained for ACE 
inhibitory activity of the protein hydrolysates from black cricket. 
Response (%) 





x1 x2 x3 
ACE inhibitory activity 1/2 1/2 0 47.62a 47.73 ± 6.31a 0.23 
1 x1: Flavourzyme ; x2: Alcalase; x3: Neutrase represents the coded values for independent variables. 2 Results 
are presented as the mean (n = 3) ± SD and those with different letters are significantly different on the same line 
(p ≤ 0.05). 3RSD (%) = relative standard deviation. 
 The synergistic effect between the proteases can be related to their mechanisms of action 
and specificities. FlavourzymeTM 500L consists of a commercial mixture of endo- and 
exoproteases with very broad specificity (Chiang, Loveday, Hardacre, & Parker, 2019), while 
AlcalaseTM 2.4L is an endoprotease classified as serine protease, with subtilisin Carlsberg as 
the major enzyme component (Coelho, Aquino, Latorres, & Salas-Mellado, 2019; Yoon, Wong, 
Chae, & Auh, 2019).According to the literature, endoproteases tend to act synergistically with 
exoproteases, increasing of the number of N-terminal sites available for their action (Nchienzia, 
Morawicki, & Gadang, 2010). 
3.4.  Electrophoretic profile of the black cricket protein hydrolysates 
 The analysis of the electrophoretic profile of the hydrolysates demonstrated that the 
enzymatic treatments promoted significant changes in the proteins of the black cricket 
concentrate (Figure 2). 
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Polypeptide chains of molecular weight of approximately 67 kDa and higher appear in 
the gel for the control sample and some hydrolysates, being more visible in assays 4 and 6, with 
a probable resistance of these proteins to hydrolysis. Considering the individual use of 
proteases, the greatest change in the electrophoretic profile was observed by the use of 
FlavourzymeTM 500L, so that the other tests using this protease tended to present a similar 
profile. The main modification was observed in assay 5, produced by the action of 
FlavourzymeTM 500L and AlcalaseTM 2.4L. All hydrolysates showed a high concentration of 
MW peptides less than 6.5 kDa. 
Figure 2. Tricin-SDS–PAGE protein profile of the black cricket protein non-hydrolyzed 
(Control) and the hydrolysates (Assay 1 – Assay10). 
4.  Conclusions 
 The enzymatic hydrolysis of black cricket protein promoted the release of peptides with 
improved values of ACE inhibitory activity, reaching a maximum inhibition of 50.84%. The 
mainly synergistic action between the proteases was reached by the combined use of 
Flavourzyme and Alcalase, allowing the obtaining of peptides with better biological properties. 
The modifications on the protein profile of the hydrolysates could be observed by the 
electrophoretic analysis, which evidenced the reduction of the polypeptide chain size, and 
consequently, the generation of peptides. Finally, the insects represent a potential alternative 
source of proteins for human consumption and for obtaining of ingredients with better 
biological properties. 
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 A hidrólise enzimática do concentrado proteico de grilo-preto promoveu a liberação de 
peptídeos com melhores propriedades antioxidantes, antidiabéticas e anti-hipertensivas. Quanto 
às propriedades antioxidantes, a capacidade antioxidante total do concentrado proteico 
aumentou em até 160% após a hidrólise. Para as atividades de eliminação dos radicais DPPH e 
ABTS os maiores aumentos foram de aproximadamente 68% e 62%, respectivamente. Após a 
hidrólise, a capacidade de redução de íons ferro (FRAP) chegou a ser 93% superior à amostra 
não hidrolisada. 
 A análise estatística dos dados referentes às propriedades antioxidantes permitiu a 
geração de três modelos matemáticos e suas respectivas curvas de contorno, os quais foram 
capazes de explicar 91%, 72% e 97% das variações das respostas obtidas pelos métodos 
capacidade antioxidante total, DPPH e FRAP. Esses modelos foram validados, sendo capazes 
de prever as propriedades antioxidantes dos hidrolisados em função das proteases aplicadas no 
processo de hidrólise. 
 A hidrólise enzimática utilizando a protease Flavourzyme® 500L de forma isolada foi 
considerada a condição mais adequada entre as avaliadas para obter compostos com alta 
atividade antioxidante. A amostra hidrolisada nesta condição foi submetida à um teste de 
concentração, verificando a existência de uma correlação linear e positiva entre a concentração 
dos hidrolisados e suas propriedades antioxidantes. A partir desse teste também foi possível 
determinar as concentrações de hidrolisado proteico de grilo-preto necessárias para eliminar 
50% dos radicais DPPH e ABTS, sendo estas 455,08 μg mL-1 e 70,87 μg mL-1, respectivamente. 
 Após o fracionamento por ultrafiltração, verificou-se que esse hidrolisado, obtido por 
ação da enzima Flavourzyme® 500L, era composto principalmente por peptídeos de massa 
molecular inferior a 3 kDa (48,64%) e frações proteicas de massa molecular superior a 30 kDa 
(24,66%). As frações foram analisadas quanto às suas propriedades antioxidantes, verificando 
que as maiores atividades se concentravam nas frações de massa molecular inferior a 10 kDa. 
Esse último resultado demonstrou que o fracionamento promoveu o aumento nas propriedades 
antioxidantes do hidrolisado, o que segue a convenção descrita pela literatura, a qual indica que 





Para as propriedades antidiabéticas, os melhores resultados foram obtidos a partir da 
hidrólise realizada com o uso combinado das enzimas Flavourzyme® 500L e Neutrase® 0,8L 
em iguais proporções. O hidrolisado obtido nessa condição foi capaz de inibir 55,40% da 
atividade de α-amilase e 17,07% da atividade da α-glicosidase. Para o concentrado de grilo-
preto não hidrolisado, essas atividades de inibição foram de 2,14% e 2,48%, respectivamente. 
Todas as condições de hidrólise promoveram aumento das propriedades antidiabéticas, exceto 
o tratamento que fez uso isolado da protease Neutrase® 0.8L. 
 Modelos matemáticos também foram gerados para essas propriedades, os quais foram 
capazes de explicar 97% das variações das respostas relativas à inibição da atividade da α-
amilase e 92% das variações na inibição da atividade da α-glicosidase. As curvas de contorno 
evidenciaram o efeito sinérgico do uso combinado das proteases Flavourzyme® 500L e 
Neutrase® 0.8L na produção de hidrolisados com propriedades antidiabéticas. Esse hidrolisado 
foi então submetido ao teste de concentração, verificando também uma excelente correlação 
entre a quantidade de hidrolisado no meio reacional e as atividades estudadas. A presente 
amostra apresentou IC50 de 1,99 mg mL
-1 e 6,21 mg mL-1 para as atividades de inibição da α-
amilase e α-glicosidase, respectivamente. 
  Todos os hidrolisados proteicos de grilo-preto apresentaram atividade de inibição da 
enzima conversora da angiotensina (ECA), evidenciando o potencial de aplicação destes 
compostos como anti-hipertensivos. A menor atividade de inibição foi de 13,28%, detectada na 
amostra hidrolisada pelo uso isolado da enzima Flavourzyme® 500L, contra o maior percentual 
de inibição de 50,84%, obtido na amostra produzida a partir da combinação binária das enzimas 
Flavourzyme® 500L e Alcalase® 2.4L. Para a amostra não hidrolisada, não foi detectada 
capacidade de inibição da ECA. 
 Após a hidrólise, houve também, para todos os ensaios, aumento no percentual de 
proteínas solúveis em TCA.  A alteração mais sutil foi observada na amostra hidrolisada por 
meio da aplicação isolada da enzima Flavourzyme® 500L, onde o teor de proteínas solúveis 
em TCA foi apenas 1,27% superior a amostra não hidrolisada, não existindo diferença 
estatisticamente significativa (p ≥ 0,05) entre elas. Em contrapartida, para o processo de 
hidrólise utilizando a mistura binária de Alcalase® 2.4L e Neutrase® 0.8L em iguais 
proporções, foi observado um aumento de 26,81% no teor de proteínas solúveis em TCA. Esses 
resultados evidenciaram que as diferentes condições de hidrólise promoveram diferentes graus 
de hidrólise das proteínas do grilo-preto, o que foi confirmado pela análise do perfil 
eletroforético dos hidrolisados. 
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 Para cada uma das bioatividades estudadas foi identificada uma condição diferente de 
hidrólise como a mais adequada. Não foi possível obter uma melhor combinação de enzimas 
que atendesse à todas as bioatividades. Isso se deve ao fato de as proteases utilizadas 
apresentarem especificidades diferentes, podendo produzir peptídeos com tamanhos, 
sequências e propriedades biológicas distintas (ESFANDI; WILLMORE; TSOPMO, 2019). 
 A Flavourzyme® 500L consiste em uma mistura comercial de endo- e exoproteases com 
especificidade muito ampla (CHIANG et al., 2019). A Alcalase® 2.4L é uma endoprotease 
classificada como serino protease, sendo a subtilisina Carlsberg o principal componente da 
enzima (COELHO et al., 2019; YOON et al., 2019), enquanto a Neutrase® 0,8L é uma 
metaloendopeptidase que hidrolisa aleatoriamente as ligações peptídicas no interior da cadeia 
polipeptídica (ABDELHEDI; NASRI, 2019). De acordo com a literatura, as endoproteases 
tendem a agir sinergisticamente com as exoproteases, aumentando o número de extremidades 
terminais disponíveis para a ação dessas últimas (NCHIENZIA; MORAWICKI; GADANG, 
2010). 
 O grilo-preto se mostrou um excelente substrato para a hidrólise enzimática, não apenas 
pelo seu alto teor proteico, mas também pelo perfil destas proteínas, que favoreceram a 
obtenção de peptídeos com bioatividades semelhantes e até mesmo superiores às de 
hidrolisados proteicos de outros substratos proteicos de origem animal e vegetal. A técnica de 
planejamento experimental de misturas também foi uma excelente ferramenta para explorar as 
potenciais bioatividades dos hidrolisados, permitindo que efeitos sinérgicos e antagônicos entre 





 Os resultados obtidos no presente estudo indicaram que a hidrólise enzimática do 
concentrado proteico de grilo-preto foi um processo capaz de liberar peptídeos com melhores 
propriedades antioxidantes, antidiabéticas e anti-hipertensivas. As proteases utilizadas na 
hidrólise tiveram grande impacto no perfil dos hidrolisados produzidos, sendo possível 
determinar uma melhor condição de hidrólise para cada uma das propriedades biológicas 
estudadas. O grilo-preto mostrou-se um excelente substrato para a obtenção de moléculas 
bioativas de grande interesse para aplicação como nutracêuticos. A técnica de planejamento 
experimental de misturas foi uma ferramenta de grande importância, permitindo o estudo dos 
efeitos sinérgicos e antagônicos das proteases sobre a obtenção de peptídeos bioativos e a 
definição das melhores condições para condução do processo de hidrólise enzimática. 
Adicionalmente, foi possível vislumbrar que a incorporação de insetos na alimentação humana 
consiste em uma estratégia viável para atender à crescente demanda por alimentos, 
principalmente devido ao seu elevado teor proteico, e que a modificação de seus componentes 




Perspectivas de trabalhos futuros 
- Avaliação das propriedades bioativas dos hidrolisados após a submissão destes ao processo 
de digestão gastrointestinal simulada, de modo a verificar a biodisponibilidade dos peptídeos 
obtidos; 
- Comparar a bioatividade dos hidrolisados obtidos neste estudo às amostras de concentrado 
proteico de grilo-preto submetidas apenas ao processo de digestão gastrointestinal simulada; 
- Fracionar e purificar os hidrolisados com maiores propriedades bioativas por técnicas de 
filtração em gel e cromatografia líquida de fase reversa, de modo a verificar a bioatividade de 
peptídeos purificados; 
- Determinar a sequência de aminoácidos presentes nos peptídeos com melhores propriedades 
bioativas in vitro; 
- Efetuar testes de alergenicidade, verificando a ocorrência de respostas adversas devido à 
utilização dos peptídeos bioativos produzidos; 
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